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SYNTHESIS  OF  LEAD  TETRAACETATE  BY  ELECTROCHEMICAL  OXIDATION 


OF  LEAD  DIACETATE  AT  THE  ANODE 

M.  la.  Fioshin  and  L.  I.  Kazakova 

Lead  tetraacetate  is  a  strong  oxidizing  agent  with  a  wide  range  of  oxidizing  action  [1],  The  chemical 
method  of  synthesis  of  lead  tetraacetate  consists  of  treatment  of  red  lead  with  glacial  acetic  acid  [2],  The  method 
has  the  drawback  that  only  one  third  of  the  lead  entering  into  the  make-up  of  the  red  lead  is  utilized,  and  two 
thirds  goes  into  the  discard  as  lead  diacetate.  It  is  possible  to  increase  the  utilization  of  lead  by  simultaneous 
treatment  of  the  red  lead  with  acetic  acid  and  chlorine  [3].  However,  in  this  case  one  third  of  the  lead  is  lost 
as  chloride,  purification  from  which  is  a  rather  difficult  operation  involving  unavoidable  losses  of  lead  tetraacet¬ 
ate.  The  presence  of  the  slightest  contamination  of  the  lead  tetraacetate  with  the  chloride  is  undesirable,  since 
chlorination  of  organic  compounds  may  occur  along  with  oxidation.  As  a  result  of  all  the  purification  and  sepa¬ 
ration  operations  the  yield  of  lead  tetraacetate  totals  40-50*55). 

Attempts  at  electrochemical  synthesis  of  lead  tetraacetate  until  recently  had  little  success.  Of  all  the  not 
very  numerous  investigations  we  can  take  note  only  of  the  work  [4]  in  which  by  electrochemical  oxidation  of  lead 
diacetate  at  a  platinum  anode  in  acetic  acid  containing  sodium  acetate  an  80%  yield  of  lead  tetraacetate  based 
on  the  current  was  obtained.  A  necessary  condition  for  the  formation  of  the  lead  tetraacetate  was  the  presence  of 
1-2%  of  water  in  the  acetic  acid.  However,  the  yield  of  lead  tetraacetate  attained  was  maintained  only  for  the 
first  minutes  of  the  electrolysis,  falling  after  30  minutes  to  26%,  and  after  somewhat  more  time,  practically  to  zero. 
The  reason  for  this  phenomenon  had  been  established  previously;  it  consisted  of  the  formation  on  the  anode  of  a 
film  of  lead  tetraacetate  that  shielded  its  surface  and  prevented  the  further  oxidation  of  the  lead  diacetate.  Schall 
and  Melzer  [4]  worked  with  the  electrolyte  cooled  to  35*  and  the  surface  of  the  anode  cooled  to  8*.  At  a  higher 
temperature  decomposition  of  the  lead  tetraacetate  by  the  water  present  in  the  acetic  acid  occurred. 

In  the  publication  [5]  the  electrolysis  was  carried  out  in  anhydrous  acetic  acid  containing  potassium  acetate 
at  85",  which  facilitated  solution  of  the  film  of  lead  tetraacetate  and  maintenance  of  the  high  yields  of  it  for  a 
long  time.  However,  in  this  work  only  the  basic  possiblity  of  accomplishing  the  electrooxidation  of  lead  diacetate 
to  the  tetraacetate  was  established  and  the  fundamental  parameters  of  the  process  found. 

In  the  present  work  a  preparative  method  for  the  synthesis  of  lead  tetraacetate  has  been  developed  on  the 
basis  of  the  data  previously  obtained. 

EXPERIMENTAL 

1.  Preparation  of  solutions.  An  electrolyte  of  the  composition  previously  found  [5]  was  used:  2.1  N 
PbfCHjCOOlj,  0.6  N  CH3COOK,  and  anhydrous  acetic  acid.  The  direction  of  the  process  and  the  yield  of  lead 
tetraacetate  depend  on  careful  dehydration  of  the  acetic  acid  and  the  lead  and  potassium  acetates.  The  acetic 
acid  was  dehydrated  with  copper  sulfate,  boiled  with  an  excess  of  acetic  anhydride  for  1.5-2  hours,  and  distilled, 
whereupon  a  fraction  was  collected  that  distilled  at  117-118*.  The  lead  diacetate  and  potassium  acetate  were  dis¬ 
solved  in  the  acetic  acid  thus  prepared.  The  solution  obtained  was  boiled  with  excess  acetic  anhydride  for  5  hours, 
then  allowed  to  stand  for  2  days. 

2.  Arrangement  of  electrolyzer.  The  electrolyzer  was  a  glass  jar  equipped  with  a  coil.  In  the  jar  a  ceramic 
diaphragm  was  placed  across  that  served  as  a  cathode  area.  Inside  the  diaphragm  was  another  coil.  It  was  neces¬ 
sary  to  cool  because  of  the  weak  electric  conductivity  of  the  electrolyte  and  the  considerable  amounts  of  heat 
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developed  when  the  current  was  passed,  A  nickel  wire  served  as  the  cathode  and  a  platinum  mesh  cylinder  as  the 
anode.  The  volume  of  the  anode  space  was  200  ml. 

3,  Separation  of  lead  tetraacetate.  The  solubility  of  lead  tetraacetate  depends  greatly  on  the  temperature. 
On  cooling  to  17*  more  than  80%  of  the  product  precipitated  from  the  solution.  Part  of  the  lead  tetraacetate  pre¬ 
cipitated  in  the  electrolyzer  and  another  portion  in  the  flask  into  which  the  electrolyte  was  admitted  after  the 
electrolysis.  The  product  dried  with  filter  paper  contained  97.5%  Pb(CH3COO)4.  The  finished  product  was  best 
kept  under  glacial  acetic  acid. 


The  mother  liquor  after  the  electrolysis  could  be  saturated  with  lead  diacetate  and  again  subjected  to  elec¬ 
trolysis.  However,  it  must  be  kept  in  mind  that  the  solution  cannot  be  saturated  with  moist  lead  diacetate,  since 
decomposition  of  the  lead  tetraacetate  remaining  in  the  mother  liquor  then  occurs.  Therefore  the  lead  diacetate 
must  first  be  dried  at  50-55*  for  4-6  hours  and  the  solution  should  stand  for  1-2  days  with  an  excess  of  acetic  an¬ 
hydride  before  the  electrolysis. 


The  amount  of  lead  tetraacetate  contained  in  the  solution  was  determined  iodometrically. 

4.  Experimental  results.  The  electrolysis  was  carried  out  in  the  electrolyte  for  which  the  composition  is 
given  above.  At  the  anode  the  current  density  was  3  amp/ dm*  and  the  temperature  was  kept  at  80-85*  by  cooling. 
The  current  strength  was  2  amp.  The  voltage  in  the  electrolyzer  was  about  100  v. 


The  main  effort  was  directed  toward  establishment  of  a  process  procedure  that  guaranteed  the  possi¬ 
bility  of  carrying  it  out  continously,  i.e.,  with  a  circulating  electrolyte.  For  this  purpose  a  series  of  experiments 
was  set  up  with  different  rates  of  circulation  of  the  electrolyte.  The  relation  of  the  yield  of  tetraacetate  based  on 
the  current  to  the  rate  of  circulation  of  the  electrolyte  is  presented  in  the  figure,  from  which  it  is  apparent  that 
the  change  in  the  yield  on  the  basis  of  the  current  with  the  rate  of  circulation  passes  through  a  maximum  at  2.5 
ml/ min  and  reaches  95.5%  under  tiiese  conditions.  With  a  load  in  the  electrolyzer  at  2  amps  for  1  hour,  16  g  of 
lead  tetraacetate  was  produced,  which  amounts  to  8  g  per  amp-hour.  The  expenditure  of  electrical  energy  was 
approximately  12  kw-hr  per  kg  of  lead  tetraacetate. 


% 


Very  interesting  results  were  obtained  in  attempts  to  replace  the 
platinum  serving  as  the  anode  material  with  lead  peroxide  prepared  by 
a  method  [6]  consisting  of  the  following. 


Relation  of  yield  of  lead  tetra¬ 
acetate  based  on  current  to  rate 
of  circulation -of  electrolyte. 


The  lead  peroxide  reagent  was  built  »>p  on  a  foundation  of  per- 
chlorovinyl  fabric.  Then  the  fabric  thus  treated  was  immersed  in  a 
saturated  solution  of  lead  nitrate.  The  supply  of  current  from  the 
positive  pole  of  the  current  source  was  carried  by  means  of  a  nickel 
wire  woven  into  the  fabric.  A  lead  rod  served  as  the  cathode. 


Electrolysis  was  carried  out  at  room  temperature  and  an  anode 
current  density  of  0.25  (for  the  first  four  hours)  —  1.0  amp/  dm*.  To 
avoid  depleting  the  electrolyte  of  lead  ions  too  rapidly  as  a  result  of 
their  discharge  at  the  cathode,  cupric  nitrate  (50-80  g/l)  was  added 
to  the  solution.  Unfortunately,  when  lead  peroxide  was  used  as  the 
anode  we  did  not  succeed  in  solving  the  problem  of  supplying  current 
to  it.  In  the  place  of  contact  of  the  nickel  wire  with  tfie  lead  peroxide, evolution  of  heat  occurred  which  resulted 
in  burning  of  the  fabric.  But  we  succeeded  in  carrying  out  some  experiments  nevertheless.  It  was  ascertained  that 
the  yield  of  lead  tetraacetate  based  on  the  current  at  an  anode  of  PbOj  was  the  same  as  at  a  platinum  anode. 
However,  we  did  not  succeed  in  solving  the  problem  of  the  duration  of  service  of  a  lead  peroxide  anode  or  the 
supplying  of  current  to  it,  which  appears  to  be  a  subject  for  further  investigations. 


SUMMARY 

1,  A  preparative  method  has  been  developed  for  the  first  time  for  the  synthesis  of  lead  tetraacetate  by  elec 
trochemical  oxidation  of  lead  diacetate  at  a  platinum  anode. 

2.  The  possibility  has  been  established  of  carrying  out  this  process  at  an  anode  of  lead  peroxide. 


2044 


LITERATURE  CITED 


[1]  R.  Krigge,  Coll.  "New  Methods  of  Preparative  Organic  Chemistry."  IL,  139  (1950).* 

[2]  A.  Colson,  C.  r.  136,  575  (1903);  O.  Dimroth  and  R.  Schweizer,  Ber.  56,  1375  (1923). 

[3]  A.  Colson,  C.  r.  136,  1664  (1903);  R.  Oesper  and  C.  Deasy,  J.  Am.  Chem.  Soc.  61,  927  (1939), 

[4]  C,  Schall  and  W.  Melzer,  Z.  Electroch.  28,  474  (1922). 

[5]  M.  la.  Fioshin  and  V,  A.  Gus’kov,  Proc.  Acad.  Sci.  USSR.  112,  303  (1957), 

[6]  N.  F.  Razina,  Diss,  "Electrode  Processes  at  a  Lead  Anode  and  Its  Corrosion  in  the  Electrolysis  of  Sulfuric 
Acid  Solutions."  (1955). 

Received  July  6,  1957  D.  I.  Mendeleev  Moscow  Chemico- 

Technological  Institute. 


•Russian  translation. 


2045 


TERNARY  RECIPROCAL  SYSTEM  OF  THE  BUTYRATES  AND  NITRATES  OF 

SODIUM  AND  POTASSIUM 


O.  I.  Dmitrevskaia 


The  investigation  of  the  reciprocal  system  Na,  KliNO,,  C3H7COO  is  a  part  of  the  task  of  ascertaining  the 
effect  of  the  number  of  carbon  atoms  in  the  radical  of  a  salt  of  a  fatty  acid  on  the  process  of  exchange  in  fusions 
[1-3]. 

Sodium  and  potassium  butyrates  have  been  little  investigated  and  in  the  reference  literature  it  was  not 
possible  to  find  die  heats  of  formation  for  them;  it  was  impossible  therefore  to  judge  beforehand  about  the  char¬ 
acter  of  the  system. 


EXPERIMENTAL 

The  investigation  was  carried  out  by  the  visual  poly  thermal  method  of  physicochemical  analysis.  The 
temperature  at  which  the  first  crystals  appeared  was  determined  with  the  aid  of  a  nichrome-constantine  thermo¬ 
couple.  Chemically  pure  sodium  and  poussium  nitrates  were  recrystallized  and  dried  to  constant  weight.  Sodium 


TABLE  1 
Binary  Systems 


C,H,COONa— NaNO, 

C,H,COOK-KNO, 

C,H,COONa- 

C,H,COOK 

mole  ‘7o 

mole  °lo 

temper- 

mole  *7o 

tempera- 

NaNO, 

KNO3 

ature 

C3H7COOK 

ture 

0 

330° 

0 

404° 

0 

330° 

5 

329 

5 

387 

5 

344 

10 

325 

10 

370 

10 

355 

15 

315 

15 

356 

15 

362 

25 

283 

20 

342 

20 

370 

27 

276 

25 

330 

25 

376 

30 

274 

30 

320 

30 

380 

35 

273 

35 

313 

35 

385 

40 

271 

40 

306 

40 

388 

45 

268 

45 

300 

45 

393 

50 

267 

50 

294 

50 

396 

55 

276 

55 

289 

55 

399 

60 

283 

58 

283 

60 

401 

65 

288 

60 

286 

65 

402 

70 

292 

65 

291 

70 

403 

75 

296 

70 

294 

75 

403.5 

80 

297 

75 

300 

80 

405 

85 

298 

80 

306 

85 

405.5 

90 

300 

85 

314 

90 

401 

95 

304 

90 

320 

95 

405 

100 

308 

95 

328 

100 

404 

— 

— 

100 

337 

— 

— 
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and  potassium  butyrates  were  synthesized  from  chemically  pure  sodium  and  potassium  bicarbonates  and  n-butyric 
acid  that  first  had  been  distilled  twice  [4].  The  melting  points  of  the  pure  components  were:  NaNO,  308*,  KNOs 
337*,  CsHTCOONa  330*,  CsHtCOOK  404*.  Polymorphic  transformations  in  the  solid  state  were  observed  for  all  of 
these  salts:  KNO,  at  124  and  316*  [5-7],  NaNO,  at  270*  [6-8],  CjHTCOONa  had  four  transformations  at  117,  232, 
252,  and  316*  [9],  and  C3H7COOK  at  190,  280-285.  and  345*  [9], 

Binary  Systems 

1.  The  sytem  CsHtCOOK  — KNO3  was  studied  for  the  first  time.  It  was  characterized  by  a  eutectic  point 
at  283*  and  58%  KNOj  (Table  1.  Fig.  1). 


2.  The  system  NaNOs— KNO3  has  been  studied  by  many  authors  [10-14].  We  employed  the  data  of  reference 
[14].  In  the  system  a  continuous  series  of  solid  solutions  is  formed  with  a  minimum  m.p.  at  223*  and  50%  KNOs 
(Fig.  1). 


3.  The  system  CsHTCOONa -NaNOs  has  been  studied  previously  [15].  In  the  system  an  incongruently  melt¬ 
ing  compound  is  formed,  probably  with  the  composition  3C3HTCOONa  *  NaNOs.  On  the  melting  curve  there  are 
eutectic  (267*  and  50%  NaNOs)  and  transition  (276*  and  27%  NaNOs)  points  (Table  1.  Fig.  1). 


2047 


4.  The  system  CsHTCCXJNa -CsHtCOOK  was  studied  for  the  first  time.  It  presented  a  continuous  series  of 
solid  solutions.  The  melting  curve  consisted  of  one  crystallization  branch  without  extremes  (Table  1,  Fig,  1), 


Diagonal  Sections 


1.  CsHTCOONa  -KNOj  is  a  stable  diagonal  with  a  eutectic  point  at  279*  and  85%  KNOj,  The  CsHTCOONa 
branch  shows  a  sloping  region  from  60  to  80%  KNOj,  which  indicates  the  limiting  solubility  of  the  salts  of  the  stable 
pair  (Table  2.  Fig.  2). 


TABLE  2 
Diagonal  Sections 


Stable  1 

Unsuble 

C,H,COON 

«-KNO, 

C,H,COOK- 

-NaNOj 

mole  % 

mole  % 

temper- 

mole  % 

temperature 

mole  % 

temper- 

KNOj 

temperature 

KNO, 

aturh 

NaNOj 

NaNOj 

aturh 

0 

52.5 

285® 

404° 

50 

286® 

5 

332 

55 

283 

5 

388 

55 

282 

10 

331 

57.5 

282 

372 

60 

276 

15 

328 

281 

15 

352 

65 

20 

326 

65 

280 

17.5 

70 

263 

25 

322 

280 

75 

252 

30 

317 

75 

280 

25 

318  1 

77.5 

246 

35 

311 

280 

27.5 

80 

255 

40 

85 

279 

298 

85 

274 

42.5 

299 

32.5 

297 

90 

288 

45 

295 

95 

320 

35 

296 

95 

299 

47.5 

337 

293 

50 

286 

45 

290 

— 

2.  CjHtCOOK— NaNOj  is  an  unstable  diagonal.  The  melting  curve  has  three  crystallization  branches  that 
intenect  In  two  points:  at  300*  and  28.0%  NaNOj,  and  at  246*  and  VT.S^oNaNOj.  The  branch  of  the  exchange  pro¬ 
ducts  constitutes  almost  half  of  the  melting  curve,  which  indicates  the  distinct  displacement  of  the  equilibirium 
in  the  direction  of  the  stable  pair  of  salts  CjHTCOONa  and  KNOj  (Table  2,  Fig.  2). 


CjhjCOOMa 


II 


III 


N 


CjHjCOOK 


Internal  Sections 

15  internal  sections  were  Investigated.  The  direction  of  the  internal  sections  is  given  in  Fig.  3.  The.  results 
of  the  investigation  of  them  are  presented  in  Figs.  4-6. 


Fig.  4.  Internal  sections  I-V  of  reciprocal  system. 


Fig.  5.  Internal  sections  Vl-X  of  reciprocal  system. 


Fig.  6.  Internal  sections  XI-XV 
of  reciprocal  system. 


Melting  Diagram  of  Reciprocal  System 

From  the  results  of  the  investigation  of  the  binary  systems,  and  the  diagonal  and  the  15  internal  sections, 
a  projection  was  constructed  of  the  curves  of  joint  crystallization  on  the  surface  of  the  polytherm  of  the  binary 
system  NaNOs-KNOs  (Fig.  7),  which  permitted  determining  the  position  of  the  ternary  and  the  isothermal  points 
on  the  curves  of  joint  crystallization.  The  projection  of  the  diagram  of  the  liquidus  of  the  ternary  reciprocal  system 
on  the  composition  square  with  isotherms  drawn  through  20*  is  given  in  Fig.  8.  The  system  is  irreversibly  reci¬ 
procal  with  a  stable  diagonal.  The  exchange  process  is  shifted  in  the  direction  of  the  stable  pair  CsH^CXlONa  and 
KNOs.  The  stable  diagonal  is  a  single  triangulating  section  dividing  the  square  of  the  reciprocal  system  into  two 
phase  triangles:  NaNOj-CsHTCOONa-KNOj  and  KNOj-CsHTCOOK-CaHyCOONa. 
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n 

The  solid  solutions  Na,  K  II  NOj  are  stable  in  the  reciprocal  system  up  to  218*.  The  incongruently  melting 
compound  3CsH7CC)ONa  •  NaNO,,  which  is  formed  in  the  binary  system  CsHTCOONa -NaNO,,  decomposes  under 
the  influence  of  the  butyrates  and  ends  its  existence  at  the  point  R  at  249*  and  19.5%  KNO3,  29.5%  CsHTCOONa, 
and  51%NaNOj.  The  solid  solutions  Na,  K  II  CjHtCOO  are  stable  in  the  reciprocal  system  up  to  300*.  In  the  system 
there  is  a  ternary  eutectic  point  that  corresponds  to:  13%  CsHTCOONa,  50.5%  CjHtCOOK,  36.5%  KNOj  and  a  tempera- 
tire  of  275*. 


Fig.  7.  Projection  of  joint  crystallization  on  the  side 
NaNOj-KNOj. 


Fig.  8.  Projection  of  the  crystallization  surface  of  the  reciprocal 
system  on  the  composition  square. 


Comparing  the  results  for  this  system  with  the  ternary  reciprocal  systems  previously  studied  that  had  a  smaller 
number  of  carbon  atoms  in  the  radical  of  the  salt  of  the  fatty  acid  [1-3],  we  arrive  at  the  conclusion  that  with  an 
increase  in  the  paraffinic  portion  of  the  salts  of  the  fatty  acids  there  is  an  increase  in  the  field  of  crystallization  of 
the  basic  exchange  product  —  the  sodium  salt  of  the  fatty  acid  ~  and  consequently  an  increase  in  the  irreversibility 
of  tiie  reaction.  Complex  formation,  which  takes  place  on  the  lateral  side  of  the  reciprocal  systems,  has  no  effect 
on  the  direction  of  die  exchange  reaction. 
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SUMMARY 


1.  The  melting  diagram  of  the  reciprocal  system,  Na,  K  ||  NOj,  C3H7COO  has  been  studied. 

2.  The  system  is  an  irreversible  reciprocal  one  with  a  stable  diagonal.  The  solid  solutions,  Na,  K  II  NOs 
are  stable  in  the  system  below  218*,  and  the  solid  solutions  Na,  K  II  CsHtCOO  below  300*. 

3.  The  binary  system  C3H7COOK— KNO3  has  been  studied  for  the  first  time. 

4.  Complex  formation,  which  takes  place  in  the  binary  system  C3H7COONa— NaNOs,  has  no  effect  on  the 
exchange  process. 

5.  Comparison  of  the  system  under  consideration  with  those  previously  studied  shows  that  the  irreversibility 
of  the  exchange  reaction  increases  with  an  increase  in  the  number  of  carbon  atoms  in  the  radical  of  the  salt  of 
the  fatty  acid. 

6.  In  all  the  systems  the  equilibrium  is  shifted  in  the  direction  of  formation  of  the  sodium  salt  of  the  fatty 

acid. 
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THE  REACTION  BETWEEN  SODIUM  TUNGSTATE  AND  STILBENE-4,4'-BIS- 
-[(AZO-l)-3,4-DIHYDROXYBENZENE]-2.2’-DISULFONIC  ACID 
("STILBAZO")  IN  AQUEOUS  SOLUTIONS 


K.  E.  Kleiner  and  A.  Kh.  Klibus 

Stilbene-4,4’-bis((azo-l)-3,4-dihydroxybenzene]-2,2*-disuIfonic  acid 

HO  H  H _ SO3H  HOaS  H  H  OH 

HO<^  )>-CH=CH-/  ^-N=N-^  ^OH 

H— H  Vh 

and  its  diammoniutn  salt  have  been  suggested,  under  the  name  "stilbazo,"  as  reagents  for  the  colorimetric  de¬ 
termination  of  aluminum  [1,2]. 

According  to  the  data  in  the  literature  these  reagents  form  colored  solutions  also  with  some  other  cations 
and  complex  ions.  In  strongly  acid  medium  stilbazo  reacts  only  with  tungstate,  molybdate,  antimony,  thorium, 
zirconium,  and  zirconyl  ions;  trivalent  iron  oxidizes  the  reagent  [1].  The  reaction  between  stilbazo  and  sodium 
tungsute  is  of  interest  as  an  example  of  a  reaction  between  complex  anions  and  an  organic  acid,  and  apparently 
it  can  be  used  for  the  development  of  a  colorimetric  method  for  the  determination  of  tungsten.  This  method  may 
prove  useful,  since  a  combination  of  tungsten  with  antimony,  thorium,  and  zirconium  is  not  often  encountered,  and 
tungsten  can  be  separated  from  molybdenum  and  iron  as  tungstic  acid. 

In  this  article  the  results  are  reported  of  a  photometric  investigation  of  the  reaction  between  sodium  tungstate 
and  stilbazo  in  aqueous  solutions. 


EXPERIMENTAL 


Preparation  of  Working  Solutions 

Stilbazo.  The  commercial  reagent  available  on  the  market  is  a  poorly  purified  preparation  of  the  diammo¬ 
nium  salt.  Solutions  of  this  reagent  and  IREA  reagent  are  not  very  stable  and  their  reactivity  diminishes  even  in 
2-3  days  after  preparation.  This  is  not  associated  with  oxidation  of  the  reagent,  since  introduction  into  the  solutions 
of  a  reducing  agent,  for  example  hydroxylamine  hydrochloride,  does  not  stabilize  them. 

Reaction  with  tungstate,  aluminum,  tin,  and  possibly  other  ions  goes  better  with  the  stilbazo  acid  than  with 
the  diammonium  salt.  Conversion  of  the  salt  to  the  acid  and  its  simultaneous  purification  are  based  on  the  dif¬ 
ferent  solubility  of  stilbazo  and  the  contaminants  in  methanol,  methanolbenzene  mixture,  and  strongly  acid  aqueous 
solution.  Therefore  we  used  the  following  method  of  purification.  About  1  g  of  the  ammonium  salt  preparation 
was  dissolved  in  250  ml  of  methanol.  It  was  filtered  and  the  filtrate  was  mixed  with  500  ml  of  distilled  benzene. 
After  the  brown  precipitate  had  settled  the  solution  was  filtered  through  a  folded  filter.  The  filtrate  was  carefully 
evaporated  to  dryness  on  a  water  bath  from  a  small  porcelain  dish  and  the  dry  residue  was  dissolved  in  1.5-2  liters 
of  distilled  water.  To  die  solution  was  added  with  stirring  a  sufficient  amount  of  hydrochloric  acid  (1  :  1)  so  that 
a  thick,  blue  suspension  of  the  stilbazo  acid  was  formed.  After  filtration  and  washing  with  water  to  remove  the 
greater  part  of  the  hydrochloric  acid,  the  precipitate  was  transferred  to  a  watch  glass  and  dried  first  at  60-70*  and 
then  in  a  desiccator  over  phosphoric  anhydride.  Yield  50-60%. 
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Aqueous  solutions  of  this  preparation  were  stable  and  were  unchanged  in  reactivity  in  the  course  of  not  less 
than  two  weeks. 

For  colorimetric  use  the  treatment  can  be  limited  to  precipitation  with  hydrochloric  acid  from  the  aqueous 
solution  of  the  commercial  preparation. 

Sodium  tungstate.  The  initial  0.1  M  solution  of  tungstate  was  prepared  by  solution  in  water  of  normal  sodium 
tungstate  (analytically  pure).  The  concentration  of  the  solution  was  determined  by  the  gravimetric  method  as 
tungstic  acid.  The  "working"  solutions  (10"’  -  lO"'*  M)  were  prepared  by  dilution  of  the  initial  solution. 

Preliminary  Experiments 

Dilute  aqueous  solutions  of  stilbazo  (10"®  -  10"^  M)  are  yellow  to  orange  in  color,  and  the  more  concentrated 
ones  are  brown. 
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Fig.  1.  Spectral  characteristics  of 
stilbazo  solution  (I)  and  of  a  mixture 
of  stilbazo  and  sodium  tungstate  solu¬ 
tions  (11)  at  pH  1.  SF-4  spectrophoto¬ 
meter.  10-mm  cuvette. 


Fig.  2.  Relation  of  optical 
density  of  mixtures  of  stilbazo 
and  sodium  tungstate  solutions 
to  pH.  10-mm  cuvette. 

I  —  hydrochloric  acid  solutions, 

II  -  sulfuric  acid  solutions, 

III  “  stilbazo  solution. 


In  strongly  acid  media,  stilbazo  is  slightly  soluble;  therefore  upon  acidification  of  not  very  dilute  solutions 
(above  5  •  10*®  M)  they  are  colored  blue  or  green  as  a  result  of  the  formation  of  a  blue  suspension  of  the  reagent, 
which  slowly  settles  out  as  a  voluminous  precipitate. 

When  a  solution  of  stilbazo  is  mixed  with  a  solution  of  sodium  tungstate,  the  mixture  is  colored  red -brown, 
blue,  or  blue-violet  depending  on  the  acidity  and  the  concentration  ratio  of  the  components.  The  red-brown  color 
appears  at  pH  2-6.  The  optical  density  of  the  red-brown  solutions  increases  with  a  decrease  in  the  pH  from  6  to  2. 
The  color  is  unstable  and  its  intensity  diminishes  with  time.  At  pH  <  2  the  red -brown  coloration  gradually  changes 
to  blue;  the  rate  of  change  increases  with  an  increase  in  acidity  and  in  the  concentration  of  the  component  solutions. 
At  pH  w  1  the  mixture  of  the  component  solutions  is  rapidly  colored  an  intense  blue  or  blue -violet.  In  view  of  the 
unstable  color  of  the  red-brown  solutions,  only  the  blue  solutions  were  Investigated  in  detail. 

In  Fig.  1.  are  shown  recordings  on  the  SF-4  spectrograph  of  the  spectral  characteristics  of  a  solution  of  stil¬ 
bazo  (2  '  10*®  M)  in  hydrochloric  acid  (pH  1)  and  of  a  mixture  containing  stilbazo  (2  •  10'®  M),  an  excess  of  sodium 
tungstate  (6  •  10"®  M),  and  hydrochloric  acid  to  pH  1.  The  tungstate  was  used  in  excess  to  ensure  possibly  more 
complete  combination  of  the  stilbazo  in  the  stilbazo -tungstate  compound. 
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The  spectral  characteristics  of  the  mixture  were  determined  3  hours  after  acidification  with  hydrochloric 
acid  of  the  mixture  of  the  component  solutions.  The  light  absorption  curves  of  these  solutionswere  distinctly  dif¬ 
ferent,  which  indicates  a  reaction  between  the  stllbazo  and  the  sodium  tungstate. 

Furthermore,  measurements  of  the  optical  density  of  the  solutions  were  made  on  a  FM  universal  photometer 
of  the  Pulfrich  type  with  a  M-57  light  filter  (effective  wavelength  574  m/i). 

Relation  of  Optical  Density  to  Acidity  and  Nature  of  Acid 

Mixtures  were  made  up  from  different  volumes  of  3  •  10"^  M  solution  of  stilbazo,  5  •  10“^  M  sodium  tungstate 
solution,*  and  perchloric, hydrochloric,  sulfuric,  or  nitric  acid  of  a  given  concentration. 

To  accelerate  the  reaction  it  was  at  first  carried  out  in  a  small  volume  (20  ml)  and  tfien  after  3  hours  each 
mixture  was  diluted  to  60  ml  with  an  aqueous  solution  of  the  appropriate  acid  with  a  concentration  equal  to  its 


Fig.  3.  Change  in  optical  density  of 
a  mixture  of  stilbazo,  sodium  tungstate, 
and  hydrochloric  acid  (pH  1)  solutions 
with  time.  10-mm  cuvette. 


Fig.  5.  Determination  of  the  composition  of 
the  blue  stilbazo  “tungstate  compound  by  the 
limited  logarithmic  method,  pH  1.  10-mm 
cuvette.  Sodium  tungstate  concentration 
1,03  •  10'*. 


i  i  4  5  t 


Stilbazo  solution  (ml) 

Fig.  4.  Optical  density  of  an 
isomolar  series  of  solutions 
with  a  total  concentration  of 
sodium  tungstate  and  stilbazo 
of  0.9  •  10''‘  M  and  pH  1.  10- 
10-mm  cuvette. 

I)  stilbazo  solution;  II)  isomolar 
mixtures  of  tungstate  and  stilbazo 
solutions,  III)  deviation  from 
additivity. 

concentration  in  the  given  mixture.  The  final  con¬ 
centration  of  stilbazo  in  each  mixture  was  0.25  '  10  * 

M  and  that  of  the  tungstate  was  0.42  •  10  ^  M.  The 
optical  density  was  measured  immediately  after  dilution 
of  the  solution  to  the  greater  volume;  the  pH  was  measured 
with  a  quinhydrone  electrode. 

In  Fig.  2,  the  relationship  of  the  optical  density 
to  the  pH  of  the  hydrochloric  and  sulfuric  acid  solutions 
is  shown.  The  optical  density  increased  with  a  decrease 


•  The  tungstate  solution  was  first  made  alkaline  to  pheiiolphthalein  (see  below). 
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in  the  pH  to  «  1.  At  pH  <  0.8  a  turbidity  began  to  form  and  a  precipitate  of  stilbazo-tungstate  compound  separated 
out.  For  purposes  of  comparison  the  relationship  of  the  optical  density  of  one  solution  of  stilbazo  (0.25  •  10"^  M) 
to  the  pH  in  hydrochloric  acid  solution  was  used.  The  curves  for  the  relation  of  the  optical  density  to  the  pH  in 
perchloric  and  nitric  acid  solutions  almost  coincide  with  the  curve  for  hydrochloric  acid  solutions. 

Thus,  the  optimum  acidity  for  the  formation  of  the  blue  stilbazo-tungstate  compound  is  in  the  region  of 
pH  1.  therefore  the  further  investigation  was  carried  out  with  0.1  N  solutions  with  respect  to  hydrochloric  acid. 

Relation  of  Optical  Density  to  Time  of  Preparation  of  Component  Solutions  and  to 
Order  of  Mixing  With  Acid 

The  optical  density  of  solutions  of  the  compound  of  stilbazo  with  sodiumtungstate  depends  not  only  on  the 
acidity;  the  length  of  time  that  the  "working"  tungstate  solution  has  been  prepared,  its  acidity  before  mixing  with 
the  stilbazo  solution,  the  acid  and  the  order  of  mixing  the  components  are  important. 


1  6  j  ^  S  }  f 

Na2V*04  solution  (anl) 


Fig.  6.  Change  in  optical  density  in  an 
isomolar  series  of  solutions  at  a  total  con¬ 
centration  of  sodium  tungstate  and  stilbazo 
of  1  •  10  ^  M  and  pH  2.  10-mm  cuvette. 
Light  filter  M53  (effective  wavelength 
533  m/I). 

I)  Stilbazo  solutions;  II)  isomolar  mix¬ 
tures  of  tungstate  and  stilbazo  solutions; 

III)  deviations  from  additivity. 


I  .1  ■  .  ■  I _ , 

ff  1-10'^  Z  3  t*  5  6  8  f0'^ 


[Na2W04] 

1  Z  3  if 
rNa,WO^] 

[stilbazo] 

Fig.  7.  Optical  density  of  solutions 
with  a  constant  starting  concentration 
of  stilbazo  and  varying  sodium  tung¬ 
state  concentration,  pH  1.  10-mm 
cuvette. 


Preliminary  acidification  of  the  sodium  tungstate  solution  resulted  either  in  incomplete  reaction  if  the  mix¬ 
ing  with  the  stilbazo  solution  was  carried  out  immediately  after  acidification,  or  to  the  reaction’s  not  going  at  all 
if  the  acidified  sodium  tungstate  solution  stood  for  some  time  before  mixing.  If  the  concentration  of  stilbazo  was 
greater  than  5  •  lO"®  M,  the  entire  effect  was  the  formation  of  a  blue  suspension  or  precipitate  of  stilbazo,  as  in 
the  absence  of  tungstate.  Apparently  in  acid  medium  a  coarsely  dispersed  colloidal  solution  of  tungstic  acid  is 
formed,  which  does  not  react  with  stilbazo.  The  reaction  goes  well  when  acid  is  added  up  to  pH  1  to  the  previously 
made  mixture  of  tungstate  and  stilbazo  solutions.  But  under  these  conditions  completeness  of  the  reaction  depends 
on  the  length  of  time  that  the  tungstate  solution  has  been  prepared.  The  reactivity  of  the  "working"  solutions  of 
tungstate  in  relation  to  the  stilbazo  diminishes  approximately  by  half  in  5  days  after  their  preparation  by  dilution 
of  the  starting  0.1  M  Na2W04  solution.  However,  the  reactivity  of  the  tungstate  solutions  becomes  maximum  and 
independent  of  time  of  preparation  if  they  are  made  alkaline  with  a  solution  of  sodium  hydroxide  (to  phenolphtha- 
lein).  From  this  it  follows  that  the  form  in  which  the  tungstate  solution  exists  apparently  is  of  significance  for  the 
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reaction  between  tungstate  and  stllbazo. 

To  attain  the  optimum  conditions  for  the  formation  of  the  blue  stilbazo— tungstate  compound  it  is  necessary 
first  to  mix  the  stilbazo  solution  with  the  tungstate  solution  that  has  previously  been  made  alkaline  to  phenol - 
phthalein  with  sodium  hydroxide,  and  then  to  add  hydrochloric  acid  to  the  mixture  to  a  pH  of  1. 


Relation  of  Optical  Density  to  Reaction  Time  and  Temperature 

Formation  of  the  blue  stilbazo— tungstate  compound  occurs  slowly.  From  Fig.  3  it  can  be  seen  that  a  max¬ 
imum  and  consunt  value  of  die  optical  density  at  a  concentration  of  2  •  10"®  M  stilbazo,  4  •  10”®  M  tungstate, 

and  0.1  N  hydrochloric  acid  is  atuined  at  room  temperature 
in  2  hours  after  addition  of  the  acid  to  the  mixture  of  the 
component  solutions.  At  lower  concentrations  of  the  com¬ 
ponents  the  rate  of  the  reaction  diminishes. 

At  an  elevated  temperature,  for  example  upon  immersion 
of  a  test  tube  with  the  blue  solution  of  the  stilbazo  —  tungstate 
compound  in  boiling  water,  the  color  changes  to  yellow  or 
yellow-orange,  characteristic  of  stilbazo.  On  cooling,  the 
blue  color  is  slowly  regenerated. 

Composition  of  the  Stilbazo  —  tungstate  Com- 
pounds  in  Solution 

The  proportions  in  which  the  stilbazo  and  tungstate  re¬ 
act  with  the  formation  of  blue  and  red-brown  solutions  were 
determined  by  the  method  of  isomolar  series  (method  of  con¬ 
tinuous  changes)  [3,  4].  The  factor  for  the  amount  of  stilbazo 
entering  into  the  formation  of  the  blue  solutions  was  determined 
by  a  limited  logarithmic  method  (method  of  shift  in  equilibrium) 
[4,  5]. 


In  Fig.  4  are  shown  the  changes  in  optical  density  in  a 
series  of  blue  solutions  made  by  the  method  of  iso  molar  series, 
and  in  Fig.  5  are  shown  the  results  by  the  limited  logarithmic 
method.  The  concentration  of  acid  in  each  mixture  was  0.1  N. 
The  optical  density  changed  in  4  hours  after  addition  of  the 
acid.  In  Fig.  4  it  is  seen  that  the  natural  light  absorption  by 
stilbazo  solutions  (curve  I)  is  characterized  by  a  disproportion¬ 
ately  large  increase  in  the  optical  density  upon  an  increase  in 
the  concentration  of  the  reagent.  This  is  a  result,  as  shown 
above,  of  the  formation  of  a  blue  suspension  of  stilbazo.  In 
spite  of  this,  curve  II  for  the  optical  density  of  isomolar  mix¬ 
tures  of  stilbazo  and  tungstate  differs  distinctly  from  curve  I.  The  position  of  the  maximum  in  curves  II  and  III 
(curve  III  was  constructed  from  the  data  on  the  deviations  from  additivity)  is  at  the  stilbazo— sodium  tungstate 
ratio  1  ;  2.  The  same  result  was  obtained  when  methyl  alcohol,  which  dissolves  the  stilbazo  suspension,*  was 
added  to  the  mixtures. 


Fig.  8.  Optical  density  of  solutions  with 
a  constant  starting  concentration  of  sodium 
tungstate  and  varying  stilbazo  concentration, 
pH  1.  10-mm  cuvette. 

I)  Mixture  of  tungstate  and  stilbazo  so¬ 
lutions;  II)  stilbazo  solution;  III)  elimina¬ 
tion  of  effect  of  excess  stilbazo. 


Experiments  by  the  limited  logarithmic  method  showed  that  one  molecule  of  stilbazo  enters  into  the  reaction 
witfi  die  tungstate.  This  is  illustrated  in  Fig.  5  where  it  is  seen  that  the  experimental  points  conform  satisfactorily 
with  the stiai^t  line  for  n  =  1.  Thus,  the  blue  solutions  (at  pH  «  1)  are  formed  when  one  molecule  of  stilbazo  reacts 
with  two  molecules  of  sodium  tungsute. 

In  the  red -brown  solutions  (pH  a  2),  in  distinction  from  the  blue  ones,  the  maximum  light  absorption  in  ±e 
isomolar  series  was  observed  at  a  stilbazo  :  sodium  tungstate  ratio  of  1  :  1  (Fig.  6).  Thus,  the  red -brown  color 
that  appears  at  pH  >  2  is  a  result  of  reaction  of  1  molecule  of  stilbazo  with  1  molecule  of  tungstate. 


•The  effect  of  organic  solvents  will  be  discussed  in  a  subsequent  article. 
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When  different  volumes  of  dark  green  0.001  M  stilbazo  solution  and  a  0,01  M  sodium  tungstate  solution 
acidified  with  hydrochloric  acid  to  the  same  acidity  were  mixed,  the  pH  of  the  mixture  was  practically  unchanged. 
It  can  be  assumed  that  the  reaction  proceeds  according  to  the  following  schemes  (H^R  is  the  stilbazo  molecule) 

W02(0H)2  h-  H4R  ->  WO2H2R  -t-  2H2O,  (1) 

W02(0H)2-h  WO2H2R  (W02)2R 2H2O  ^2) 

or  with  the  formation  of  weakly  dissociated  tungstostilbazo  acids,  for  example 

H2WO4  H4R  -►  H2[W03H2RJ  H2O,  (3) 

H2WO4  -4-  H2[W03H2R]  ^  H4[(W03)2R1  H2O.  (4) 

Reaction  according  to  schemes  (2)  and  (4)  can  occur  only  at  pH  <  2, 

Formation  of  the  complex  tungstostilbazo  acids  is  analogous  to  the  complex  molybdenooxalic  acid 
H2[MoOj(C204)][6]. 

Dissociation  of  the  Blue  Compound  Into  the  Components 

In  Fig.  7  are  shown  the  changes  in  optical  density  in  0.1  N  hydrochloric  acid  with  a  constant  starting  con¬ 
centration  of  stilbazo  (2  •  10”®  M)  and  varying  tungstate  concentration,  and  in  Fig,  8  are  shown  the  changes  with 
a  constant  starting  concentration  of  tungstate  (3.33  •  lO"®  M)and  varying  stilbazo  concentration.  Measurements  of 


TABLE 

Determination  of  the  Molar  Extinction  Coefficient  for  the  Stilbazo— Tungstate  Compound 


Dilution 
to  n 

times 

Concentra¬ 
tion  of  stil- 
bazo-tung- 
state  corm. 
L/q-mole/lL 

Thickness 
of  cuvette 
(in  cm) 

log  Ifl/I 

measured 

Conversion 

factor 

log  lo/l 
adjusted 

16  •  10-'» 

1.04 

63730 

2 

8 • lU-5 

0.52 

63730 

4 

4  •  10-5 

0.102 

0.26 

63730 

8 

2  •  10-5 

0.13 

63730 

16 

1  •  10-5 

0.065 

63730 

8 

2  •  10-5 

1.22 

1.28 

63620 

16 

1  . 10-5 

0.61 

0.64 

63620 

32 

5  •  10  -'* 

1.006 

0.31 

1.05 

0.33 

65610 

64 

2.5  •  10-fi 

0.15 

0.16 

63620 

128 

1.25  •  lO-fi 

0.075 

} 

0.08 

63620 

64 

2.5  •  10-6 

0.74 

0.80 

64000 

128 

1.25  •  10-0 

0.37 

0.40 

64000 

256 

6.25  •  10-7 

!).UU1 

0.185 

0.20 

64000 

512 

3.125  •  10-7 

0.09 

0.10 

64000 

the  optical  density  were  made  4  hours  after  making  up  the  mixtures.  The  natural  light  absorption  with  an  excess 
of  stilbazo  In  the  mixtures  was  very  considerable.  This  confirms  the  curve  for  the  stilbazo  solutions  of  correspond¬ 
ing  concentrations.  It  may  be  considered  that  with  a  sufficient  excess  of  stilbazo  all  of  the  tungstate  is  linked  in 
die  blue  compound.  Taking  this  into  account,  we  calculated  the  actual  excess  of  stilbazo  in  the  mixtures  and 
then,  starting  with  the  data  of  curves  I  and  II,  constructed  curve  III,  in  which  the  light  absorption  of  the  excess  stll“ 
bazo  is  eliminated. 

From  Fig.  7  and  8  (curve  III)  it  follows  that  the  blue  compound  is  markedly  decomposed  in  the  region  or 
equivalent  (in  relation  to  the  composition  of  the  compound)  concentrations  of  the  components.  For  complete 
suppression  of  the  dissociation  an  excess  of  1.5-2  times  the  equivalent  amount  of  one  of  the  components  is  suf¬ 
ficient. 
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Molar  Extinction  Coefficient 

To  obtain  experimental  data  necessary  to  calculate  the  molar  extinction  coefficient,  a  solution  was  prepared 
that  contained  1.6  •  10"^  M  stilbazo,  4.8  •  10'^  M  tungstate,  and  hydrochloric  acid  (0.1  N), 

3  hours  after  addition  of  the  acid  to  this  mixture  it  was  diluted  several  times  with  a  1.6  *  10'^  M  solution 
of  tungstate  in  0.1  N  hydrochloric  acid.  After  each  dilution  the  optical  density  was  measured.  A  one>and-a-half 
times  excess  of  tungstate  ensured  complete  combination  of  the  stilbazo  (see  Fig.  7).  Thus,  the  concentration  of 
ihe  blue  compound  in  the  starting  solution  was  1.6  •  10“^  M.  The  magnitude  of  the  molar  extinction  coefficient 
was  calculated  by  the  formula 

Ig  hll 
C  ’I  ’ 

where  log  Ig/l  is  the  optical  density  after  n-times  dilution,  C  is  the  concentration  of  the  blue  compound  after  n- 
times  dilution,  I  is  the  thickness  of  the  cuvette  layer  in  centimeters.  The  calculated  and  experimental  data  are 
presented  in  the  table,  from  which  it  can  be  seen  that  the  optical  density  of  one  and  the  same  solution  in  different 
cuvettes  changes  disproportionately  to  the  change  in  thickness  of  ±e  layer.  Adjusted  values  for  the  optical  density 
were  obtained  by  an  increase  in  the  observed  values  by  a  conversion  factor.  The  cpiantity  aj^  was  calculated  from 
the  adjusted  values  of  the  optical  density. 

The  high  value  for  the  molar  extinction  coefficient  indicates  the  great  sensitivity  of  the  reaction.  When 
optimum  conditions  for  the  reaction  are  maintained,  it  can  be  used  for  the  colorimetric  determination  of  tungsten. 

SUMMARY 

1.  The  reaction  in  aqueous  solution  between  sodium  mngstate  and  stilbene-4,4'-bis-[(azo-l)-3,4-dihydroxy- 
benzene]-2,2'-disulfonic  acid  ("stilbazo")  has  been  investigated  photometrically. 

2.  At  pH  2  to  6  red-brown  solutions  are  produced.  The  components  react  in  the  ratio, stilbazo  ;  tungstate  = 
1:1.  At  pH  1  and  below  blue  or  blue-violet  solutions  are  produced.  The  components  react  in  the  ratio, stilbazo : 

:  tungstate  =1:2.  The  optimum  conditions  were  found  for  the  formation  of  the  blue  compound.  The  molar  ex¬ 
tinction  coefficient  is  64,000. 

3.  When  optimum  conditions  are  maintained  for  the  reaction,  it  can  be  used  for  the  colorimetric  determina*- 
tion  of  mngsten. 
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POLAROGRAPHIC  INVESTIGATION  OF  p  -  N I T  RO  SO  DI M  ET  H  Y  L  A  N  I L  IN  E 


V.  N.  Dmitrieva  and  V.  D.  Bezuglyi 


There  is  little  literature  devoted  to  the  polarographic  reduction  of  nitroso  compounds.  Some  authors  have 
investigated:  l-nitroso-2-naphthylamine,  p-nitrosodiethylaniline,  p-nitrosophenol,  and  1 -nitroso -2 -najrfithol  [1-4]. 
The  polarographic  reduction  of  N-nitrosoamines  has  been  considered  in  a  number  of  publications  [5-7]. 

We  have  studied  the  reduction  of  p-nitrosodimethylaniline  at  a  dropping  mercury  electrode,  polarographic 
investigations  of  which  we  have  not  encountered  in  the  literature. 


EXPERIMENTAL 

The  investigation  was  carried  out  with  a  recording  SGM-8  polarograph  with  a  galvanometer  having  a  sensi¬ 
tivity  of  3  •  10  ®  amp/ mm.  A  capillary  having  the  following  characteristics  was  used  for  the  work:  m  =  1.763 
mg/ sec,  T  =  4,2  sec  in  the  absence  of  polarization  voltage,  m^s  7%  =  1.855  mg%  sec'^s  (when  E  =  —  0.2  v). 

The  polarographing  was  carried  out  with  a  background  of  buffered  solutions  of  various  pH  values.  The  so¬ 
lutions  were  prepared  after  the  pattern  of  the  universal  buffer  mixtures  of  Britton  and  Robinson  with  the  difference 
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Fig.  1.  Polarographic  waves  for 
p-nitrosodimethylaniline  on  a 
background  of  a  buffer  solution 
with  pH  7.75. 

Concentration  of  p-nitrosodi¬ 
methylaniline  (in  millimoles/ 
/liter):  1)  0.06;  2)  0.12; 

3)  0.18;  4)  0.24. 


flA 


mm  ole/ liter 


Fig.  2.  Calibration  line  for  p-nitro¬ 
sodimethylaniline  on  a  background 
of  a  buffer  solution  with  pH  7.75. 


that  while  the  proportion  of  acid  to  base  indicated  by  the 
authors  was  maintained,  the  concentration  of  each  of  the 
components  was  increased  10  times.  This  permitted  ob¬ 
taining  in  the  polarographing  process  a  constant  pH  value 
and  good  electrical  conductivity  of  the  solution.  To  9  ml 
of  the  test  solution  was  added  1  ml  of  buffer  mixture.  Be¬ 
fore  the  polarographing,  air  was  removed  with  a  current 
of  hydrogen.  For  suppression  of  the  maximum  in  the  polaro¬ 
graphic  curves  of  p-nitrosodimethylaniline  a  0.027o  solution 
of  methyl  red  was  used.  Analytically  pure  p-nitrosodimethyl¬ 
aniline  was  used;  m.p.  77*.  Aqueous  solutions  of  the  hydro- 
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chloride  and  sulfate  of  p-nltrosodimethylaniline  served  as  standard  solutions.  The  concentration  of  acid  in  these 
solutions  was  about  0.01  N. 

Solutions  were  investigated  within  concentration  limits  from  0.06  to  0.6  millimole/ liter.  All  determina¬ 
tions  were  carried  out  in  an  electrolyzer  with  an  external  anode  —  a  saturated  calomel  electrode. 


Results  of  the  Investiga  tion 


In  Fig.  1  are  presented  the  polarographic  waves  for  p-nltrosodimethylaniline  on  a  background  of  a  buffer 
solution  with  pH  7.75  and  with  concentrations  from  0.06  to  0.24  millimoles/ liter.  Similar  waves  were  obtained  for 
for  higher  concentrations  —  up  to  0.6  millimole/ liter.  As  can  be  seen  from  Fig.  2,  the  magnitude  of  the  diffusion 
current  is  linearly  related  to  the  concentration. 


TABLE  1 


Magnitude  of  Diffusion  Current  at  Dif¬ 
ferent  Concentrations  of  p-Nitrosodi- 
methylaniline 


c 

(mmole/litej) 

0.06 

0.72 

6.47 

0.12 

1.40 

6.30 

0.18 

2.16 

6.47 

0.24 

2.84 

6.38 

0.30 

3.75 

6.74 

0.40 

4.95 

6.74 

0.60 

7.50 

6.74 

Average  . 

6.58 

TABLE  2 

Values  of  Half-wave  Potentials  and 
Magnitudes  of  Diffusion  Current  for 
p-Nitrosodimethylaniline  at  Different 
Background  pH’s. 


pH 

£./,  (in  V) 

/rf  (tiA) 

222 

-1-0.18 

7.8 

2.H8 

-^-0.16 

7.8 

3.96 

-4  0.13 

7.8 

4.96 

^  0.05 

7.5 

5.70 

—0.01 

7.8 

6.40 

—on 

7.8 

6.W 

-015 

7.5 

7.20 

-0.19 

7.5 

7.75 

—0.23 

7.5 

8.40 

—0.29 

7.5 

9.6S 

-0.33 

7.5 

10.43 

—0.37 

7.5 

Fig.  4.  Polarographic  waves  for  p-nitro- 
sodimethylaniline  on  a  background  of 
buffered  solutions  with  various  pH  values 
for  a  concentration  of  0.06  millimole/  liter. 
1)  pH  2.22;  2)  2.88;  3)  3.96;  4)  4.96; 

5)  5.70;  6)  6.40;  7)  6.90;  8)  7.20; 

9)  7.75;  10)  8.40;  11)  9.68;  12)  10.43, 
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In  Table  1  are  presented  the  heights  of  the  polarographic  waves  in  pa,  and  also  the  diffusion  current  coef¬ 
ficients  for  various  concentrations  of  p-nitrosodimethylaniline. 


From  the  graph  of  the  relationship  of  log  —  ^  . —  to  E  (Fig.  3)  was  determined  the  figure  n.  It  proved  to 

*d  ^ 

be  1.6.  Apparently  this  indicates  the  irreversibility  of  the  reduction  of  p-nitrosodimethylaniline  at  the  dropping 
mercury  cathode. 


Besides  the  results  that  have  been  presented,  we  investigated  the  reduction  of  p-nitrosodimethylaniline  on 
a  background  of  buffer  solutions  with  other  pH  values  (in  the  range  from  0.22  to  10.43).  In  Fig.  4  are  given  the 
polarographic  waves  for  p-nitrosodimethylaniline  on  a  background  of  solutions  with  various  pH  values  for  the  con¬ 
centration  0.60  millimole/ liter.  The  values  of  the  half-wave  potentials  and  the  magnitudes  of  the  diffusion  current 
are  given  in  Table  2. 


In  the  whole  pH  range  studied  only  one  reduction  wave  for  p-nitrosodimethylaniline  is  observed.  The  value 
of  Ey  shifts  in  a  negative  direction  with  an  increase  in  the  pH  of  the  background.  In  acid  medium  the  reduction 

proceeds  in  the  positive  region  of  potentials.  At  pH  values  >  6  the  half-wave  potential  has  a  negative  value. 


Fig.  5.  Relationship  of  Ej,  to  pH 
/  2 

of  background. 


Fig.  6.  Polarographic  waves  for  p-nitro¬ 
sodimethylaniline  on  background  of  0.01  N 
Na2S04.  1)  10  ml  p-nitrosodimethylaniline 
solution,  c  =  0.30  millimole/ liter,  pH  6.3; 
2)  same  +  0.3  ml  0.1  N  H2SO4,  pH  4. 


However,  from  the  graph  that  shows  the  relation  of  Ej,  to  pH  (Fig.  5),  it  can  be  seen  that,  apparently,  this 

7z 

wave  is  not  the  same  in  the  acid  and  in  the  alkaline  regions.  But  we  were  not  able  to  obtain  the  two  waves  simul¬ 
taneously  in  buffer  solutions  in  the  intermediate  pH  region  (even  in  narrow  limits). 

In  a  nonbuffered  acid  solution  (solution  0.01  N  Na2S04  in  water  with  small  amounts  of  0.1  N  H2SO4  added) 
two  waves  were  obtained  (Fig.  6),  one  of  which  (the  first)  was  the  result  of  reduction  of  p-nitrosodimethylaniline 
in  acid  medium,  and  the  second  was  the  result  of  reduction  of  p-nitrosodimethylaniline  in  the  alkaline  medium 
that  is  formed  in  the  layer  at  the  dropping  electrode  in  the  process  of  reduction  of  the  p-nitrosodimethylaniline 
as  a  result  of  the  participation  of  hydrogen  ions  in  this  process.  In  this  instance,  as  seen  in  Fig.  6,  the  sum  of  the 
wave  heights  is  equal  to  the  height  of  the  wave  at  the  given  concentration  in  neutral  (or  buffered)  solution. 

The  form  of  the  polarographic  wave  remains  constant  for  all  pH  values  with  the  exception  of  the  interval 
between  3  and  7,  where  maxima  are  observed  in  the  polarographic  waves  under  the  conditions  investigated  by  us. 
The  maxima  are  easily  eliminated  by  the  addition  of  a  trifle  of  methyl  red,  after  which  the  polarographic  waves  for 
for  these  pH  values  of  the  background  acquire  the  same  form  as  the  rest  of  die  curves. 

A  similar  picture  has  been  observed  also  for  some  other  nitroso  compounds.  Thus,  for  example,  with  nitro- 
sophenylhydroxylamine  maxima  are  observed  in  the  polarographic  curves  only  at  pH  values  <3.  At  pH  >  3  the 
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maxima  are  not  observed  [5].  Apparently  the  presence  of  maxima  in  the  indicated  pH  limits  in  the  waves  for 
p-nitrosodimethylaniline  is  related  to  the  fact  that  its  reduction  potential  coincides  with  the  greatest  steepness 
of  the  electrocapillary  curves  in  the  solution  under  consideration.  The  shift  of  Ej .  in  the  direction  of  negative 

/  2 

values  at  pH  >  7  draws  the  p-nitrosodimethylaniline  wave  toward  the  region  of  the  potentials  of  the  electrocapillary 
maximum,  in  connection  with  which  the  maxima  in  the  waves  at  these  pH  values  disappear. 

The  height  of  the  polarographic  wave  scarcely  changes  in  the  whole  pH  interval  investigated. 


We  have  determined  the  magnitude  of  the  diffusion  current  for  p-nitrosodimethylaniline  as  a  function  of 
the  height  of  tire  mercury  column  in  the  reservoir  both  in  the  acid  and  the  alkaline  regions.  The  results  of  the 
determinations  are  given  in  Table  3. 


TABLE  3 

Relation  of  Magnitude  of  Diffusion  Current  to  Pressure  on  the 
Mercury  in  the  Capillary 


From  the  table  given  it  is  seen  that  the  height  of  the  p-nitrosodimethylaniline  wave  both  in  the  acid  and 
the  alkaline  regions  changes  linearly  in  relation  to  /hi  Consequently  it  is  determined  by  diffusion,  as  this  occurs 
in  die  case  of  the  usual  diffusion  current. 


The  Constance  of  the  magnitude  of  the  diffusion  current  for  p-nitrosodimethylaniline  for  a  wide  range  of 
pH  values  furnishes  a  basis  for  assuming  the  same  expenditure  of  electrons  in  the  reduction  of  this  compound  both 
in  acid  and  in  alkaline  media. 


From  the  Il’kovich  equation  we  determined  the  number  of  electrons  participating  in  the  reduction  of  p-nitro¬ 
sodimethylaniline.  The  value  of  the  diffusion  coefficient  was  found  from  the  known  value  of  the  diffusion  coef- 

Di  Vm, 


ficient  for  the  benzoate  ion,  0.881  *  10"®  cm*/  sec  [3,  5].  For  this  we  employed  the  proportion 


[8]: 


0.8«1  •  10-5  ^2^ 

Di  Tiff 


The  diffusion  coefficient  thus  found  was  D  =  0.821  *  10  *  cm*/  sec. 


6.58 


Substituting  die  value  obtained  for  D  in  the  Il’kovich  equation  we  find  n  =  — 0  821  •  10”®  ~  ” 

nVs  tVs 


»  4,  where  6.58  is  the  diffusion  current  factor 


For  the  determination  of  ji_we  also  used  a  polarographic  coulometric  method.  A  detailed  account  of  this 
work  is  given  in  publication  [9]  and  also  in  a  number  of  other  publications  [10]. 
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The  electrolyzer  used  by  us  is  illustrated  in  Fig.  7.  A  sufficient  amount  of  mercury  was  poured  into  the 
bottom  of  the  electrolyzer  to  cover  the  platinum  contact  that  was  sealed  in  barely  above  the  bottom  of  the  vessel, 
Over  the  mercury  was  placed  1  ml  of  the  solution  under  investigation  containing  0,6  millimole/ liter  of  p-nitro- 
sodimethylaniline  (pH  9.68).  Before  the  start  of  the  electrolysis  a  current  of  hydrogen  was  passed  through  the  so¬ 
lution  for  several  minutes,  after  which  the  polarogram  of  the  solution  was  taken.  Then  electrolysis  was  carried 
out.  During  this  process  hydrogen  was  passed  over  the  solution  the  whole  time  by  appropriate  setting  of  the  two- 
way  stopcock.  Repeated  polarograms  were  taken  at  various  intermediate  times. 

The  number  of  electrons  expended  in  the  reduction  of  one  molecule  of  p-nitrosodimethylaniline  was 
calculated  by  the  following  formula  [10] 


4.40  •  10-8 


A  ig  lave 


where  is  the  initial  magnitude  of  the  diffusion  current  in  jua,  T  is  the  time  of  electrolysis  in  seconds,  is  the 
magnitude  of  the  diffusion  current  in  T  seconds,^  is  the  volume  of  the  solution  in  ml,  and  c  is  the  concentration 
of  the  solution  in  millimoles/  liter. 

By  this  method  we  obtained  the  following  values  for  n; 


T  (in  sec) 

n 

6780 

3.89 

11880 

4.02 

14580 

4.27 

Average 

4.06 

Thus,  in  the  reduction  of  a  molecule  of  p-nitrosodimethylaniline  at  the  dropping  mercury  cathode  4  electrons 
participate. 

N.  A.  Izgaryshev  and  S.  S.  Kruglikov  [11]  reduced  p-nitrosodiethylaniline  electrolytically.  In  this  case  the 
final  reaction  product  was  p-aminodiethylaniline.  The  reduction  of  p-nitrosodimethylaniline  at  the  dropping  mercury 
electrode  can  be  represented  by  the  following  equation 

(CHalaNCgHiNO -4- 4c- 4H+  -►  (CHglgNCeHiNHz-i- HgO. 


p-Nitrosodimethylaniline  enters  into  the  reduction  reaction  in  different  form  in  acid  and  in  alkaline  medium. 


In  acid  medium  it  is  in  the  form 


H 

I 

(CH^N- 


'\-U=0 


and  in  alkaline  medium  it  is  in  the  form  (CH,),n=(^  ^=n— o  • 


This  is  confirmed  by  the  more  intense  coloration  of  the  p-nitrosodimethylaniline  solution  in  alkaline  me¬ 
dium  than  in  acid,  where  the  electron  pair  on  the  nitrogen  is  bound  with  hydrogen,  as  a  result  of  which  the  electron 
donor  effect  of  the  N(CHs)j  group  is  weakened. 

The  above -indicated  condition  of  the  p-nitrosodimethylaniline  molecules  in  solutions  with  different  pH 
values  also  determines  their  reduction  potential;  in  alkaline  medium  the  increased  electron  density  at  the  nitroso 
group  hinders  its  reduction  and  the  reduction  potential  shifts  to  more  negative  values. 

In  buffered  solutions  with  intermediate  pH  values  an  equilibrium  between  the  two  forms  is  established, 
apparently,  very  quickly,  and  therefore  at  intermediate  pH  values  only  one  wave  is  observed  for  p-nitrosodi¬ 
methylaniline.  The  half-wave  potential  in  this  case  also  includes  the  equilibrium  constant  between  the  two  above- 
indicated  forms. 

p-Nitrosodimethylaniline  is  widely  used  in  the  manufacture  of  dyes.  In  carrying  out  the  synthesis  of  p-nitro¬ 
sodimethylaniline  it  is  important  to  have  a  rapid  and  reliable  method  for  determining  it.  Sucha  method  is  the 
polarographic  one.  It  permits  making  the  determination  at  any  stage  of  the  synthesis.  If  the  synthesis  of  p-nitro¬ 
sodimethylaniline  is  carried  out  with  the  observance  of  all  the  required  conditions,  polarographing  of  the  filtrate 
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after  separation  of  the  p-nitrosodimethylaniline  hydrochloride  gives  only  one  polarographic  wave  that  corresponds 
to  the  reduction  of  p-nitrosodimethylaniline  (Fig.  8). 


Fig.  7.  Electrolyzer  used  for 
microcoulometric  determination 
of  n. 


Fig.  8.  Polarograms  of  the  reaction  mix¬ 
ture  during  the  synthesis  of  p-nitrosodi¬ 
methylaniline.  1)  with  correct  synthetic 
procedure;  2)  with  disruption  of  correct 
synthetic  procedure. 


If  the  correct  procedure  for  the  synthesis  is  disrupted, 
for  example  if  the  sodium  nitrite  solution  is  not  added 
slowly  enough  to  the  aniline  hydrochloride  solution,  when 

the  filtrate  is  polarograj^ed,  besides  the  wave  for  p-nitrosodimethylaniline  there  is  also  found  a  second  wave  with 
a  more  negative  reduction  potential  that  corresponds  to  the  reduction  of  one  of  the  side  products  of  the  reaction 
not  foreseen  in  the  synthetic  process. 

The  use  of  the  colorimetric  method  in  this  case  is  unreliable,  since  a  yellow  color  of  the  solution  is  produced 
not  only  by  the  basic  reaction  product  p-nitrosodimethylaniline.  but  also  by  by-products  of  the  reaction. 


SUMMARY 

1.  The  polarographic  behavior  of  p-nitrosodimethylaniline  has  been  studied.  Its  basic  polarographic  con¬ 
stants  have  been  determined. 

2.  It  has  been  found  that  p-nitrosodimethylaniline  upon  reduction  at  a  dropping  mercury  electrode  forms 
two  polarographic  waves,  each  of  which  appears  at  a  certain  pH  value:  the  first  in  acid  solutions  and  the  second  in 
in  alkaline  solutions.  On  a  background  of  unbuffered  acid  solutions  the  two  waves  are  obtained  simultaneously. 

3.  The  mechanism  of  reduction  of  p-nitrosodimethylaniline  has  been  investigated  and  the  number  of  elec¬ 
trons  participating  in  the  reduction  reaction  has  been  determined  by  two  methods.  The  number  is  four. 

4.  It  has  been  shown  that  it  is  practical  to  use  the  results  obtained  for  the  quantitative  determination  of  p- 
-nitrosodimethylaniline  in  the  process  of  its  synthesis. 
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THE  POLAROGRAPHIC  DETERMINATION  OF  SOME  DERIVATIVES  OF 
2-ETHYLANTHRAQUINONE 


L.  M.  Shtiftnan,  S.  V.  Siavtsillo,  and  L.  G.  Kurlakova 

A  number  of  studies  have  been  devoted  to  the  problem  of  the  polarography  of  compounds  of  the  anthraqui- 
none  series. 

The  reduction  potential  of  anthraquinone  in  a  water-alcohol  solution  in  the  presence  of  0,2  N  tetramethyl- 
ammonium  hydroxide  was  first  determined  by  H.  Adkins  and  F.  Cox  [1];  these  authors  obtained  a  value  for  the 
half-wave  potential  of  anthraquinone  equal  to  —0.6  v  with  respect  to  a  saturated  calomel  electrode.  lu.  I,  Vain¬ 
shtein  [2]  worked  out  a  polarographic  method  for  the  quantitative  determination  of  benzanthrone  in  the  presence 
of  anthraquinone  in  80%  methyl  alcohol  which  contained  0.1  N  H2SO4.  According  to  his  data,  the  half-wave  po¬ 
tential  for  anthraquinone  was  —0,36  v.  A  polarographic  study  of  the  hydroxy  derivatives  of  anthraquinone  (aliza¬ 
rine,  quinalizarine,  anthrarufine  and  others)  in  an  alkaline  medium  at  pH  10-12  in  the  presence  of  ammonia,  phos¬ 
phate,  and  borate  buffers  was  carried  out  by  N.  Furman  and  K.  Stone  [3],  These  authors  observed  that  for  these  com¬ 
pounds  they  obtained  a  normal  wave,  suitable  for  quantitative  determination  of  the  substances.  A.  M.  Vasil’ev 


Fig.  1.  Polarogram  of  2-ethylanthrone.  Fig.  2.  Polarogramof  2-ethyl-lO-hydroxyanthrone. 

and  A.  I.  Kostromin  [4]  determined  the  half-wave  potential  of  quinalizarine  (1,2,5,8-tetrahydroxyanthraquinone) 
in  an  ammonia  medium  (0.25  N)  on  a  base  of  ammonium  nitrate;  they  observed  two  waves,  and  the  height  of  the 
first  wave,  whose  half-wave  potential  was  -0.78  v  (with  respect  to  a  saturated  calomel  electrode),  changed  linearly 
with  change  in  quinalizarine  concentration.  Therefore  the  authors  recommended  carrying  out  a  quantitative  de¬ 
termination  of  this  substance  by  the  first  wave.  K.  Stone  and  N.  Furman  [5]  studied  the  polarography  of  anthrone 
and  lO-methyl-lO-hydroxyanthrone  dissolved  in  dioxane  in  the  presence  of  acetate,  phosphate,  and  borate  buffers. 
They  established  that  at  pH  7. 0-8. 2  the  half-wave  potential  of  anthrone  varied  from  —0.85  to  —0.89  v,  and  for 
lO-methyl-lO-hydroxyanthrone  the  half-wave  potential  varied  from  — 1.1  to  —1.27  v.  They  showed  that  in  a 
medium  of  0.1  N  KCl  at  pH  7.1  the  half-wave  potential  of  lO-methyl-lO-hydroxyanthrone  was  —1.29  v.  R.  Day 
and  J.  Kirkland  [6]  studied  anthrone  polarographically  and  observed  that  in  aqueous  alcohol  solution  at  different 
pH  values  one  or  two  anthrone  waves  were  found.  At  pH  6.9  they  found  one  wave  with  a  half-wave  potential  of 

1.26  V. 

In  the  present  work  we  have  studied  polarographically  the  2-ethylanthraquinone  derivatives:  2-ethylanthrone 
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and  2-etliyl-lO-hydroxyanthrone.  2-Ethylanthrone  was  synthesized  by  the  method  described  earlier  [7].  The  sub¬ 
stance  forms  white  needles  with  m.p.  60-62*. 

Found  <70:  C  86.39;  H  6.40.  Ci6Hi4Q.  Calculated  C  86.50;  H  6.30. 

2-Ethyl-lO-hydroxyanthrone  was  obtained  by  brominationofethylanthrone  and  oxidation  of  2-ethyl-lO-bromo- 
anthrone  [7];  m.p.  92-93*. 

Found  C  80.5;  H  6.1.  Calculated  7o:  C  80.7;  H  5.9. 

We  submitted  0.001-0.01  M  solutions  of  2-ethylanthrone  and  2-ethyl-lO-hydroxyanthrone  to  polarography. 
Because  of  their  poor  solubility  in  aqueous  alcohol,  the  compounds  were  dissolved  in  benzene  and  to  1  ml  of  the 
benzene  solution  was  added  5  ml  of  a  3  M  water  solution  of  tetramethylammonium  bromide  and  the  resulting 
mixture  was  diluted  to  25  ml  with  807o  aqueous  methyl  alcohol.  Thus,  the  polarogram  was  taken  on  a  base  of 
0.6  M[(C2H5)4N]Br  in  a  mixture  which  contained  about  61  volume  7oof  methyl  alcohol,  35  volume  °jooi  water, 
and  4  volume  7o  of  benzene;  the  pH  of  the  solution  lay  between  7.0  and  7.5. 

The  polarography  was  carried  out  in  the  "Geological  Survey"  polarographlc  plant  (Leningrad).  The  measure¬ 
ments  were  made  at  a  temperature  of  25  ±  0.5*.  The  capillary  constant  was  m%  tVe=  0.94  mg%  sec^'^e  where 
m  is  the  weight  of  mercury  passing  from  the  capillary  per  second  and  ^  is  the  period  of  dropping.  The  sensitivity 
of  the  galvanometer  was  10"*  a/mm.  The  electrode  for  comparison  was  a  saturated  calomel  half-element.  The 
half-wave  potential  was  determined  by  the  graphical  method  of  Gon.  The  resulting  polarograms  are  given  in  Figs. 

1  and  2. 

The  half-wave  potential  for  2-ethylanthrone  determined 
under  these  conditions  was  -1.4  ±  0.03  v.  For  2 -ethyl -10 -hy- 
droxyanthrone  the  half-wave  potential  measured  under  the  same 
conditions  was  —1.3  ±  0.03  v. 

Special  experiments  were  carried  out  to  show  that  when 
benzene  solutions  of  2-ethylanthrone  stood  for  several  weeks, 
the  height  of  its  wave  did  not  change.  Under  the  same  condi- 
2  -  Ethylanthrone  tions,  for  solutions  of  2-ethyl-lO-hydroxyanthrone  we  found  a 

g  decrease  in  the  height  of  the  wave  from  the  half-wave  potential 

13  of —1.3  V  and  the  appearance  of  a  wave  with  half-wave  potential 

18  —0.7  V  which  corresponded  to  2-ethylanthraquinone;  this  could 

be  explained  by  tautomeric  change  of  2-ethyl-lO-hydroxyan- 
2 -  Ethyl-lO-hydroxyanthrone  2-ethylanthrahydroquinone  with  its  subsequent  oxi¬ 

dation  to  2-ethylanthraquinone. 

For  2 -ethyl -10 -hydroxy anthrone  and  for  2-ethylanthrone 
we  established  a  straight  line  relationship  between  height  of 
wave  (h)  and  concentration  of  substance  (c)  in  the  solution.  The 
data  are  given  in  the  Table. 

The  same  relationship  is  preserved  in  the  piesence  of  2- 
-ethylanthraqulnone  (m.p.  199*)  and  l,2,3,4-tetrahydro-2-ethylanthraquinone  (m.  p.  169*). 

It  follows  from  the  Table  that  the  content  of  2-ethyl-lO-hydroxyanthrone  and  2-ethylanthrone  in  solution 
can  be  determined  polarographically. 

SUMMA  RY 

1.  We  have  determined  the  half-wave  potentials  of  2-ethylanthrone  and  2-ethyl-lO-hydroxyanthrone  in 
a  base  of  0.6  M  of  tetramethylammonium  bromide  in  aqueous  methyl  alcohol  solution  which  contains  a  small 
amount  of  benzene.  The  half-wave  potentials  of  these  compounds  are  1.4  and  1.3  v  respectively  (with  respect 
to  a  saturated  calomel  electrode). 

2.  We  established  a  linear  relation  between  height  of  wave  for  2-ethylanthrone  and  2-ethyl-lO-hydroxyan- 
throne  and  their  concentrations  within  the  limits  of  0.001-0.01  M  solutions. 


4.3  15.8 

8.6  31.8 

12.9  47.5 

17.2  62.0 


1.010 

2.024 

3.036 

4.048 


TABLE 

Relation  of  Height  of  Wave  (h)  to  Con¬ 
centration  (c) 

c  (in  mg/ml  a  (in  mm) 
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CYCLO  ALK  YLAT  ED  AROMATIC  COMPOUNDS  XV.  THE  CONDENSATION  OF 
FLUORENE  WITH  CYCLOHEXANOL  IN  THE  PRESENCE  OF 
ALUMINUM  CHLORIDE 


N.  G.  Sidorova  and  G,  Kh.  Tyshchuk 


In  one  of  our  preceding  works  [1]  we  described  the  condensation  of  fluorene  with  cyclohexanol  in  the  presence 
of  AICI3.  The  reaction  product  was  a  cyclohexylfluorene  of  unknown  structure  with  m.p.  133*,  In  the  present  work 
we  have  continued  the  study  of  this  reaction  and  investigated  the  condensation  product. 

In  seeking  the  best  conditions  of  alkylation,  we  have  carried  out  several  condensations  with  different  amounts 
of  Aids  and  equimolecular  ratios  of  fluorene  to  cyclohexanol.  However,  we  did  not  succeed  in  increasing  the  yield 
obtained  in  the  previous  work:  both  Increase  and  decrease  in  the  amount  of  AICI3  produced  a  lower  yield  of  alkyl¬ 
ation  product.  The  maximum  yield  of  crude  cyclohexylfluorene  (32.9^)  was  obtained  with  0.85  g  equiv.  of  Aids. 
Along  with  the  alkylation  reaction  there  occurred  a  dehydration  of  the  cyclohexanol  and  a  polymerization  of  the 
cyclohexene  which  was  formed.  This  explains  the  need  for  using  a  large  amount  of  cyclohexanol. 

For  the  determination  of  the  position  of  the  substituting  group  in  the  cyclohexylfluorene  we  oxidized  it  with 
dilute  HNO3  at  140-150*  in  a  sealed  tube  of  2-fluorenonecarboxylic  acid  whose  methyl  ester  is  described  in  the 
literature. 


Dehydrogenation  of  cyclohexylfluorene  over  platinized  charcoal  gave  a  new  product,  2-phenylfluorene, 


(I). 


Both  these  reactions  positively  determined  the  structure  of  the  condensation  product  as  2 -cyclohexylfluorene 


,  .  L/' 

^/\/\^  \. 

(I) 


■\ 

/ 


_ /\s 

1111 

(II) 


To  characterize  the  new  hydrocarbon  we  prepared  the  mononitro  compound  from  it.  Since  all  reactions  of 
electrophilic  substitution  in  the  fluorene  molecule  go  into  positions  2  and  7,  then  this  substance  evidently  must 
have  the  structure  of  2-nitro-7-cyclohexylfluorene  (II). 

Both  cyclohexylfluorene  and  phenylfluorene  form  picrates,  but  they  are  so  unstable  hiat  we  could  not  isolate 
them  in  pure  form. 


EXPERIMENTAL 

Condensation  of  fluorene  with  cyclohexanol  was  carried  out  by  the  method  described  earlier  [1].  The  cyclo¬ 
hexylfluorene  was  collected  as  the  fraction  with  b.p.  175-200*  at  3  mm.  In  the  residue,  a  thick,  glassy  mass  of  a 
dark  yellow  color,  were  polymers  of  cyclohexene.  The  conditions  and  results  of  the  condensation  are  given  in  the 
table. 

For  purification  the  cyclohexylfluorene  was  twice  vacuum-distilled  and  then  recrystallized  several  times 
from  alcohol.  Cyclohexylfluorene  forms  very  fine  crystals  with  m.p.  133*.  It  sublimes  in  the  form  of  needles. 
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Mole  ratio  CI3HJ0 : 

:  CjHuOH  :  Aia3 

Time  of  heating  (in  hours) 
at  temperature 

Yield  of  crude  cyclo¬ 
hexylfluorene  (in  79) 

65-80* 

95-100* 

1:1;  0.73 

7 

10 

22.3 

1:1:  0.85 

8 

12 

32.9 

1:1:1 

7 

16 

21.9 

Oxidation  of  cyclohexylfluorene.  1  g  of  the  hydrocarbon  and  100  ml  of  nitric  acid  (d  1.1)  were  heated  in 
a  sealed  tube  in  a  Carius  furnace  at  140-150*  for  7  hours.  The  resulting  yellow  precipitate  was  filtered  off,  dis¬ 
solved  in  soda,  the  solution  was  filtered,  and  2-fluorenonecarboxylic  acid  was  precipitated  from  the  filtrate  by 
concentrated  hydrochloric  acid.  After  recrystallization  from  alcohol  it  melted  at  330-333*  with  sublimation  and 
decomposition. 

Methyl  2-fluorenonecarboxylate  was  obtained  by  heating  on  the  water  bath  0.25  g  of  the  acid  and  30  ml  of 
methyl  alcohol  with  several  drops  of  concentrated  HjSO^  for  2  hours.  It  was  purified  by  vacuum  distillation. 

Yellow  needles  with  m.p.  181*. 

According  to  the  literature,  2-fluorenonecarboxylic  acid  melts  at  330*  with  sublimation  and  decomposition 
[2],  and  its  methyl  ester  melts  at  181*  [3]. 

Dehydrogenation  of  cyclohexylfluorene.  0.5  g  of  cyclohexylfluorene  and  0.05  g  of  20‘ifo  platinized  charcoal 
were  heated  in  a  hard  glass  test  tube  on  a  sand  bath  at  300-330*  until  evolution  of  hydrogen  stopped. 

The  reaction  product  was  removed  with  benzene  and  after  the  solvent  had  been  distilled  off,  was  purified  by 
sublimation  in  a  vacuum  with  subsequent  recrystallization  from  alcohol.  Phenylfluorene  was  obtained  in  the  form 
of  colorless,  glittering  plates  with  m.p.  193-194*. 

Found  C  94.10;  H  5.80.  Calculated  %  C  94.18;  H  5.82. 

Nitration  of  cyclohexylfluorene.  To  0.1  g  of  hydrocarbon  dissolved  in  40  ml  of  warm  glacial  acetic  acid 
was  added  1  ml  of  HNOs  (d  1.42)  with  stirring  for  15  minutes.  Then  the  reaction  mixture  was  heated  at  80*  for 
5  minutes  and  after  cooling  was  poured  onto  ice.  The  resulting  precipitate  was  filtered  off,  washed  with  water, 
dried  and  recrystallized  from  alcohol.  2-Nitro-7-cyclohexylfluorene  was  isolated  in  the  form  of  yellow  needles 
with  m.p.  150-150.5*. 

Found  %  N  4.76.  Calculated  %  N  4.78. 

SUMMARY 

1.  We  have  showed  that  in  the  condensation  of  fluorene  with  cyclohexanol  in  the  presence  of  AICI3,  2-cyclo 
hexylfluorene  is  formed. 

2.  When  2 -cyclohexylfluorene  is  dehydrogenated  it  gives  2 -phenylfluorene,  and  when  it  is  nitrated,  it 
gives  2-nitro-7 -cyclohexylfluorene. 
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RADICAL  AND  IONIC  ALKYLATION  OF  THE  AROMATIC  RING 
VII.  BUTYLATION  OF  BENZENE,  NAPHTHALENE,  PHENOL,  AND  ANISOLE 

S.  G.  M  e  1 '  ka  n  o  V  i  ts  ka  i  a  and  I.  P.  Tsukervanik 


In  the  previous  communication  [1]  it  was  shown  possible  to  use  a  copper  catalyst  for  the  alkylation  of  aro¬ 
matic  compounds  by  benzyl  chloride  and  diphenylchloromethane.  On  the  basis  of  these  results  we  have  assumed 
that  this  reaction  proceeds  homolytically,  but  without  the  formation  of  free  radicals.  The  present  work  is  devoted 
to  explaining  the  characteristics  of  the  alkylation  of  different  compounds  by  n-butyl  chloride  in  the  presence  of 
copper.  For  comparison  we  studied  the  free-radical  butylation  of  anisole.  As  a  source  of  free  butyl  radicals  we 
used  n-butylphenyltriazene. 

In  distinction  to  the  benzylation  reactions  with  diphenylchloromethane,  butylation  in  the  presence  of 
copper  goes  with  more  difficulty  and  requires  a  higher  temperature  (200-250*).  When  n-butyl  chloride  acts  on 
benzene,  naphthalene,  phenol,  and  anisole,  it  gives  the  corresponding  mono-  and  dibutyl  aromatic  compounds,  and 
in  reaction  with  phenol  it  also  gives  the  butyl  ether  of  butylphenol.  No  other  products  were  observed  in  these  reac* 
tions.  In  all  cases  sec-butyl  derivatives  were  formed. 

Isomerization  of  the  alkyl  groups  in  butyl  and  dibutylbenzene  was  shown  by  the  method  of  perbromination 
[2].  The  para  position  of  the  butyl  radicals  in  dibutylbenzene  was  determined  by  oxidation  with  chromic  mixture 
to  terephthalic  acid. 

The  introduction  of  the  butyl  group  in  the  para  position  in  phenol  was  shown  by  oxidation  of  the  methyl 
ether  of  the  resulting  butylphenol  with  77o  HNO3  according  to  Nazarov  [3].  To  show  that  the  isolated  product  was 
p-sec -butylphenol,  we  ran  another  synthesis:  sec-butylbenzene  was  sulfonated  and  the  sulfonate  salt  was  fused 
with  KOH  [4].  From  the  butylphenol  preparations  we  obtained  in  the  usual  way  [5]  butylphenoxyacetic  acid  which 
was  transformed  into  the  toluidide  with  m.p.  90-91*.  The  identity  of  both  p-toluidides  of  p-sec -butylphenoxy¬ 
acetic  acid  was  shown  by  absence  of  depression  of  a  mixed  melting  point. 

It  is  often  thought  [6]  that  in  the  alkylation  of  phenols  in  the  presence  of  acid  catalysts  (AlCl3,BF3)  the  first 
step  is  the  formation  of  an  ether  which  can  then  be  alkylated,  split,  and  isomerized  into  the  substituted  phenol. 
Since  we  also  obtained  the  butyl  ether  of  butylphenol,  it  was  interesting  to  explain  the  course  of  this  reaction. 

We  showed  that  isomerization  of  the  specially  synthesized  sec-butylphenyl  ether  under  the  conditions  of 
die  experiments  proceeded  only  under  the  influence  of  HCl.  We  isolated  a  butylphenol  fraction  (257o).  When  we 
obtained  the  derivative  with  chloroacetic  acid  [5],  we  isolated  crystalline  butylphenoxyacetic  acid  with  m.p. 
112-113*  whose  toluidide  melted  at  70-71*. 

It  is  known  that  isomerization  of  alkylphenols  under  the  influence  of  acid  catalysts  usually  gives  a  mixture 
of  o-  and  p-alkylphenols.  Since  p-sec -butylphenol  gave  an  oily  sec -butylphenoxyacetic  acid  whose  toluidide 
melted  at  90-91*,  we  assume  that  the  butylphenoxyacetic  acid  with  m.p.  112-113*  is  a  derivative  of  o-sec-butyl- 
phenol. 

These  results  allow  us  to  consider  the  main  direction  of  the  reaction  of  n-butyl  chloride  with  phenols  in  the 
presence  of  copper  as  a  direct  alkylation  of  the  ring,  since  the  product  isolated  in  this  case  is  p-sec -butylphenol. 

C4H9CI  CeHjOH  C4H9C0H4OH  -I-  HCl 
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The  formation  of  p-sec-butylanisole  in  the  reaction  of  butylation  of  anisole  was  shown  by  splitting  it  with 
hydriodic  acid  to  p-sec-butylphenol,  which  was  characterized  by  the  above  method.  In  the  thermal  butylation  of 
benzene,  naphthalene  and  phenol  by  n -butyl  chloride  we  also  isolated  butyl  derivatives.  We  showed  the  formation 
of  p-sec-butylbenzene  and  o-sec-butylphenol. 

Free  radical  butylation  of  anisole  with  small  yield  (8.5‘5b)  was  established  by  the  thermal  decomposition  of 
n-butyl{^enyltriazene  in  it.  To  show  its  stmcture,  the  butylanisole  was  split  to  the  corresponding  butylphenol. 

With  chloroacetic  acid  the  butylji^enol  gave  a  mixture  of  crystalline  butylphenoxyacetic  acids  from  which  fractional 
crystallization  separated  only  one  isomer,  with  m.p.  105-106*,  in  pure  form.  The  conclusion  that  this  acid  cor¬ 
responded  to  o-n- butylphenol  followed  from  the  results  of  a  comparison  of  ourbutylphenoxyaceticacid  with  die 
literature  data  for  the  derivatives  from  different  isomers  of  butylphenol  (see  Table  4).  The  presence  of  p-butyl- 
anisole  was  shown  by  oxidation  with  HN03[3]  to  form  anisic  acid. 

Along  with  butylanisole  we  obtained:  aniline  (38.5%),  N-n-butylaniline  (22.2%),  p-n-butylaniline  (11.1%). 

In  the  gaseous  products  we  observed  saturated  and  olefinic  hydrocarbons.  The  scheme  of  free  radical  butylation 
vdiich  we  give  is  analogous  to  the  scheme  of  free  radical  substitution  of  hydrogen  in  ihe  aromatic  ring  given  by 
Kooyman  [7],  Schwartz  [8],  and  Waters  [9]. 

C4HoNHN=NC«H5  ^  C4HoN=NNHCoH5 
C4HoN=NHNC6H5  C4H9  •  -i-  N2-H  CcHgNH. 

C4H9  .  -^-CeHsOCHg  -♦  (C4H9C„H50CH3). 

(C4H9CeH50CH3).H-C6H5NH.  ->  C4H9C0H4OCH3 -h  CeHjNHa 
C4H9  .  -1-C0H5NH2  (C4H9C6H5NH2)  • 

(C4HoCeH5NH2)  •  h-  CoH^NH  •  ->  C4H9C6H4NH2  CeHsNHg 
C4H9  •  -4-  QHsNH  .  ->  C«H5NHC4H9 
C4H9  •  — >  C4H8  -+-  C4H]0 

Comparison  of  the  results  of  free  radical  butylation  with  those  of  butylation  in  the  presence  of  copper  (yield 
of  butyl  derivatives,  absence  or  presence  of  isomerization  of  the  butyl  group,  variety  of  side  products)  leads  us  to 
the  conclusion  that  the  mechanism  of  butylation  in  the  presence  of  copper  is  analogous  to  that  which  we  have 
assumed  for  benzylation  and  ±e  reaction  with  diphenylchloromethane  (I).  There  is  homolysis  in  the  reaction  com¬ 
plex  without  formation  of  free  radicals. 

EXPERIMENTAL 

Butylation  of  Benzene,  Naphthalene,  Phenol,  and  Anisole  in  the  Presence  of  Copper 

The  reaction  of  butylation  of  benzene,  naphthalene,  f^enol  and  anisole  in  the  presence  of  copper  was  carried 
out  in  an  acid  resistanct  autoclave  (with  a  needle  valve)  or  in  sealed  ampules  placed  in  an  autoclave  with  a  solvent. 

The  product  of  butylation  of  benzene  was  separated  by  fractionation  after  filtration  of  the  solid  residue. 

For  isolation  of  the  butylnaphthalene  compound  from  the  mixture  witii  naphthalene  we  attempted  to  sub¬ 
lime  the  naphthalene  or  steam  distil  it,  but  these  methods  did  not  give  a  good  separation;  therefore  the  mixture 
was  distilled  into  wide  fractions:  naphthalene  210-250* and butynaphthalene  25-280*.  The  content  of  butyl- 
naphthalene  in  the  naphthalene  reaction  was  determined  by  the  temperature  of  solidification  [10].  We  first  con¬ 
structed  a  curve  showing  the  relation  of  melting  point  of  the  mixture  of  naphthalene  and  butyl  naphthalene  frac¬ 
tions  to  the  content  of  the  components. 

The  butylation  products  of  phenol  and  anisole  were  treated  witfi  15%  NaOH  solution  to  separate  the  phenols 
and  ethers. 

For  separation  of  the  individual  substances  in  all  cases  we  carried  out  repeated  distillations  of  similar  frac¬ 
tions  from  analogous  experiments  on  a  column  with  an  effectiveness  of  6-8  theoretical  plates. 

The  conditions  of  the  separate  experiments,  amounts  of  starting  substances,  and  yields  of  butylaromatic 
compounds  are  given  in  Table  1.  The  physical  constants  of  the  resulting  substances  and  the  melting  points  of 
their  derivatives  are  given  in  Table  2. 
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TABLE  1 


Butylation  of  Benzene,  Naphthalene,  Phenol,  and  Anlsole 


Starting  substance  (g) 

Molecular 

ratio 

C4H9CI  : 

!  ArH  ;  Cu 

Reaction 

conditions 

Butylaromatic 
compound  (in  g) 

Tar 

(in  g) 

n -Butyl 
chloride 

Aromatic  compound 

Copper 

Temp. 

Duration 

(hours) 

Mono- 

Di- 

8.8 

Benzene 

8.9 

- 

1  ;  1.2 

300* 

10 

2.2 

0.4 

0.4 

6.6 

The  same 

7.2 

0.45 

1  ;  1.2  :  0.1 

205 

15 

2.7 

1.2 

0.2 

3.3 

Naphthalene 

9.3 

- 

1  :  2 

250 

7 

0.54 

- 

0.2 

10 

The  same 

13.9 

0.7 

1  :  1  :  0.1 

250 

7-8 

7.96 

6.36 

0.7 

10 

The  same 

27.8 

0.7 

1  :  2  :  0.1 

250 

7-8 

15.14 

1.1 

1.5 

5.1 

Phenol 

10.2 

- 

1  :  2 

250 

6 

0.95 

0.4* 

0.3 

5.1 

The  same 

10.2 

0.35 

1  :  2  :  0.1 

200 

6 

4.1 

0.7* 

0.3 

4.1 

The  same 

8.2 

0.28 

1  !  2  ;  0.1 

250 

6 

4 

0.55* 

0.8 

5 

Anisole 

11.7 

0.35 

1  :  2  ;  0.1 

180-200 

6 

2.5 

0.9** 

0.3 

•  Butyl  ether  of  butylphenol. 

••Butylphenol  was  formed  because  of  partial  splitting  of  butylanisole  by  HCl  which  was  formed. 


TABLE  2 


Physical  Constants  of  Butyl-  and  Dibutylaromatic  Compounds  and  Melting  Points  of  Their  Derivatives 


Name  of  compound 

Pressure 
(in  mm) 

j20 

a  4 

n*»D 

Name  of  derivative 

Melting  point 
of  derivative 

sec-Butylbenzene 

168-169* 

719 

0.8620 

1.4890 

2,4-Diacetamino- 

189-190* 

[14], 

sec-butylbenzene 

[15], 

Hexabromobenzene 

319-321 

[2], 

Di -p-sec -butyl- 

227-333 

719 

0.8594 

1.4885 

Dimethyl  ester  of 

140-141 

[16] 

benzene 

terephthalic  acid 

Hexabromobenzene 

320-323 

[2] 

a -sec -Butyl- 

141 

13 

0.9800 

1.5835 

Picrate 

76-78 

[17] 

naphthalene 

Dibutylnaphthalene 

177-183 

14 

0.9539 

1.5630 

— 

p-sec-Butylphenol* 

123-124 

14 

0.9777 

1.5209 

p-Toluidide  of  p- 

89-91 

[18] 

-sec -butyl- 

phenoxyacetic 

acid 

Butyl  ether  of 

145-147 

12 

0.9436 

1.5119 

- 

— 

butylphenol 

•Crystallized  with  difficulty,  m.p,  55-59*. 

Obtaining  the  methyl  ether  of  p-sec -butylphenol.  2.1  g  of  dimethyl  sulfate  was  added  to  5  g  of  sec-butyl- 
phenol  in  8  ml  of  20"/b  NaOH  solution  with  energetic  shaking,  and  the  mixture  was  heated  7-8  hours  on  the  water 
bath.  We  obtained  3.6  g  with  b.p.  103*  at  15  mm,  d**’4  0.9389,  n*®D  1.5035  [11]. 

Oxidation  of  the  methyl  ether  of  p-sec-butylphenol.  0.2  g  of  die  substance  and  5.5  ml  of  7‘5b  HNO,  were 
heated  in  a  sealed  ampule  (placed  in  an  autoclave  with  benzene)  for  2  hours  at  180-200*.  The  product  was  twice 
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extracted  with  ether,  the  ether  extract  was  washed  with  water  and  was  extracted  with  a  solution  of  K2CO3.  The 
extract  was  acidified  with  hydrochloric  acid  and  twice  extracted  with  ether.  We  obtained  0.07  g  of  anisic  acid 
with  m.p.  179-182*[12]. 

Obtaining  p-sec-butylphenoxyacetic  acid.  3  g  of  p-sec-butyl|rfienol  was  dissolved  in  12  ml  of  33‘VbNaOH, 
8  ml  of  a  5 O'lib  solution  of  chloroacetic  acid  was  added,  and  the  mixture  was  heated  on  the  water  bath  for  1.5-2 
hours.  After  the  usual  treatment  [5]  2.9  g  of  oil  separated  which  could  not  be  crystallized. 

TABLE  3 


Products  Isolated  in  the  Deomposition  of  n-Butylphenyltriazene  in  Anisole 


Name  of  compound 

Yield 
(In  g) 

- i 

Boiling 

point 

1 - 

Pressure 
(in  mm) 

n”D 

Name  of  derivative 

Melting  point 
of  derivative 

Litera  - 

ture 

0-  and  p-Butyl- 
anisoles 

0.95 

105-120* 

22 

1.5100 

0  -n  -Butylphenoxy¬ 
acetic  acid 
p-Methoxy  benzoic 
acid* 

105-106* 

173-178 

[12] 

Aniline 

1.85 

180-185 

725 

1.5714 

Hydrochloride 

195 

[23] 

N-n-Butylaniline 

1.7 

125-127 

22 

1.5360 

The  same 

112-114 

[24] 

p-n-Butylaniline 

0.85 

220-235 

720 

1.5450 

p-Acetamino-n- 

-butylbenzene 

103-104 

[15] 

•  The  product  was  oxidized  by  Tjo  HNOs  at  180-200* 


TABLE  4 

Melting  Points  of  Butylphenoxyacetic  Acids  and  Their  Toluidides 


Isomers  of  butylphenol 

Melting  points 

Butylphenoxyacetic  acid 

Toluidide  of  Ouylphenoxy- 
acetic  acid 

o-n-Butylphenol . 

105-106 

- 

o-sec-Butylphenol . 

112-113 

70-71* 

p-n -Butylphenol  . 

81* 

(100-103)** 

p-sec-Butylphenol . 

(61-63)** 

90-91 

•Literature  data  [25]. 

••The  melting  points  in  parentheses  are  for  substances  which  were  not  fully  purified  and  were  not 
analyzed.  We  usually  worked  with  oily  p-sec-butylphenoxyacetic  acid.  Crystallization  took  place 
after  long  standing. 

Obtaining  p-sec-butylphenoxyacetic  acid  p-toluidide.  1.8  g  of  the  acid  in  alcohol  solution  was  neutralized 
with  1  N  NaOH  to  phenolphthalein,  the  solution  was  evaporated  and  the  resulting  2  g  of  the  sodium  salt  was  fused 
with  5  g  of  p-toluidine  (1.5  ml  of  concentrated  hydrochloric  acid  was  added  to  the  mixture)  in  a  hard  glass  test 
tube  at  120-130*  for  1.5  hours.  The  product  was  treated  with  dilute  hydrochloric  acid.  We  obtained  0.95  g  of  a 
crystalline  substance  which  after  purification  from  aqueous  alcohol  was  obtained  in  the  form  of  glittering  plates 
with  m.p.  89-91*. 

Found  '•hn  C  76.54;  H  7.82;  N  4.74.  Calculated  "A*;  C  76.76;  H  7.8;  N  4.71. 

Isomerization  of  sec-butylphenyl  ether  under  the  influence  of  HCl.  sec-Butylphenyl  ether  was  synthesized 
according  to  Smith  [13]  from  sec-butyl  bromide  and  sodium  phenolate;  b.p.  101-103*  at  44  mm,  d*®4  0.9346, 
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n*®D  1,4945.  5  g  of  the  substance  in  an  ampule  was  cooled  with  solid  carbon  dioxide  and  saturated  with  dry  HCl 
to  an  additional  weight  of  1  g.  The  ampule  was  sealed  and  heated  in  an  autoclave  with  benzene  for  6  hours  to 
250*.  The  mixture  was  treated  as  in  the  reaction  of  butylation  of  phenol.  We  obtained  1,25  g  (25‘lto)  of  a  butyl- 
phenol  fraction  with  b.p.  190-230*  at  720  mm.  From  0.8  g  of  this  fraction  by  the  process  described  above  we  ob¬ 
tained  a  mixture  of  butylphenoxyacetic  acids;  0.2  g  of  crystals  and  0.17  g  of  oil.  The  crystals  after  recrystalliza¬ 
tion  from  benzine  melted  at  112-113*,  and  were  o -sec -butylphenoxyacetic  acid  (see  Table  4). 

Found  "/to:  C  69.29;  H  7.75.  CuHigO,.  Calculated  <54);  C  69.20;  H  7,74. 

The  p-toluidide  of  o -sec -butylphenoxyacetic  acid  melted  at  70-71*  (fine  needles  from  aqueous  alcohol). 

Found  7o;  C  76.68;  H  7.78.  C^HjaOjN.  Calculated  7o;  C  76.76;  H  7.8. 

Free-Radical  Butylation  of  Anisole 

n-Butylphenyltriazene  was  prepared  by  the  method  of  Dimroth  [19].  Its  m.p.  was  20-21*,  n*°D  1.5719,  silver 
salt  melted  at  101-104*  [20,  21]. 

9.1  g  of  n-butylphenyltriazene  in  30  g  of  anisole  was  gradually  added  to  20  g  of  anisole  heated  to  125* 
(apparatus  filled  with  nitrogen).  The  reaction  was  ended  after  5-6  hoursi,  the  temperature  of  the  mixture  was 
140-145*.  The  main  mass  of  anisole  (47.3  g)  was  removed  by  distillation.  The  residue  was  treated  with  Ib'Jto 
HCl  to  remove  bases.  The  neutral  part  was  distilled  in  a  fractionating  column.  The  primary  and  secondary  amines 
were  separated  by  metaphosj^oric  acid  [22].  The  physical  constants  of  the  isolated  substances  and  the  melting 
points  of  their  derivatives  are  given  in  Table  3. 

Analysis  of  o-n -butylphenoxyacetic  acid  with  m.p.  105-106*  (needles  from  aqueous  alcohol)  gave  the  follow¬ 
ing  results. 

Found  7o;  C  69.4;  H  7.73.  CuHigOj.  Calculated  ‘5b;  C  69.2;  H  7.74. 

The  melting  points  of  the  butylphenoxyacetic  acids  and  their  toluidides,  which  were  obtained  from  the 
different  isomers  of  butylphenol,  are  given  in  Table  4.  Mixed  melting  point  of  the  o-n-  and  p-sec -butylphenoxy¬ 
acetic  acids  gave  a  sharp  depression. 

SUMMARY 

1.  We  have  studied  the  reaction  of  butylation  of  benzene,  naphthalene,  phenol,  and  anisole  in  the  presence 
of  copper.  We  have  shown  that  at  200-250*  alkylation  products  are  formed  in  38-87‘5b  yields.  Thermal  butylation 
also  gives  alkyl  derivatives. 

2.  Under  the  given  conditions,  in  all  cases,  there  is  isomerization  of  the  primary  butyl  group  to  the  secondary. 
Butylation  of  phenol  goes  by  direct  alkylation  of  the  ring. 

3.  The  free  butyl  radicals  formed  by  thermal  decomposition  of  n-butylphenyltriazene  alkylate  the  anisole 

ring. 
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THE  CONDENSATION  OF  B  EN  ZO  T  RI  C  HLORI D  E  WITH  BENZENE  IN  THE 
PRESENCE  OF  ALUMINUM  CHLORIDE 

I.  P.  Tsukervanik  and  Z.  la,  Bellnson 


The  alkylation  of  the  aromatic  ring  by  polyhalogen  compounds  is  of  interest  for  the  explanation  of  the  possi¬ 
bility  of  stepwise  occurrence  of  the  reaction  and  especially  for  the  study  of  the  conditions  of  formation  of  the 
anomalous  products  which  are  often  found  in  this  synthesis  [1], 

Doebner  [2]  and  Schwarz  [3]  reported  that  they  obtained  only  triphenylmethane  from  benzotrichloride  and 
benzene.  Ray  [4],  and  then  Wohl  and  Wertyporoch  [5],  changed  the  conditions  of  this  reaction  and  isolated 
9,9’,10,10*-tetraphenylhydroanthracene, 

Newman  and  Pinkus  [6]  studied  the  condensation  of  benzatrichloridewith  p-cresol  and  among  other  substances 
obtained  2-hydroxy-5-methylbenzophenone  as  a  product  of  the  hydrolysis  of  the  intermediate  dichloride.  In  one 
of  the  patents  [7]  there  is  a  method  for  the  synthesis  of  diarylketones  based  on  the  condensation  of  benzotrichloride 
with  aromatic  compounds. 

In  a  number  of  works  the  reaction  of  carbon  tetrachloride  with  benzene  has  been  studied;  the  first  intermedi¬ 
ate  product  should  be  benzotrichloride.  Friedel  and  Crafts  [8],  Boeseken  [9],  and  Gomberg  [10]  showed  the  succes¬ 
sive  substitution  of  chlorine  atoms  of  carbon  tetrachloride:  diphenyldichloromethane  and  triphenylchloromethane 
were  formed.  However,  in  no  case  were  benzotrichloride  and  tetraphenylmethane  obtained.  Besides  these  sub¬ 
stances,  hydrolysis  products  were  formed  in  the  condensation  of  carbon  tetrachloride:  triphenyl carbinol  and  benzo- 
phenone,  and  also  triphenylmethane  and  9-phenylfluorene  [11-13], 

On  the  basis  of  the  literature  data  we  can  give  the  following  scheme  for  these  condensations: 

CCI4  C,jH„  ->  ICyHsCClgl  — >  (C,,H.,).CCl2  ->  (CcHslyCCI 

^  1/  \ 

(C(iHr,)2CO  (C(jH5)3COH  (CijHyiyCH 1  ||  |  || 

We  have  studied  the  condensation  of  benzotrichloride  with  benzene  in  order  to  carry  out  the  successive  sub¬ 
stitutions  of  chlorine  atoms  and  to  determine  the  conditions  of  formation  of  triphenylmethane  and  9-phenylfluorene. 

It  was  shown  that  a  basic  factor  which  determines  the  results  of  the  synthesis  is  the  amount  of  AICI3.  With 
0.1  g  mole  of  AICI3  (per  1  g  mole  of  benzotrichloride),  independent  of  temperature  (15-90*)  and  ratio  of  reagents, 
diphenyldichloromethane  was  obtained  in  yields  to  70>,  with  small  admixtures  of  triphenylchloromethane.  With 
1  g  mole  of  AICI3,  the  chief  product  was  triphenylchloromethane  (80-857o).  Further  increase  in  the  amount  of 
AICI3  (to  2  g  mole)  caused  accumulation  of  tars  and  the  yield  of  triphenylchloromethane  fell. 

The  experiments  carried  out  by  Wohl  and  Wertyporoch  [6]  (1.5  g  moles  AICI3)  gave  us  only  triphenyl  car¬ 
binol  which  in  melting  point  and  external  appearance  is  similar  to  the  9,9’,10,10’-tetraphenyldihydroanthracene 
described  by  these  authors.  The  authors  gave  no  indication  of  the  identification  of  this  substance  except  the  melt¬ 
ing  point. 

Further,  we  studied  the  effect  of  different  factors  on  the  results  of  the  condensation. 
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When  the  reaction  complex  was  treated  with  an  excess  of  weakly  acid  solution,  besides  the  chlorides  there 
was  produced  a  considerable  amount  of  the  hydrolysis  products;  benzophenone  and  triphenyl  carbinol.  We  avoided 
hydrolysis  by  pouring  the  reaction  mixture  into  ice  and  concentrated  hydrochloric  acid. 

It  was  long  ago  observed  [2,  8,  10]  that  distillation  of  triphenylchloromethane  at  ordinary  pressure  (250-300*) 
caused  its  decomposition  to  triphenylmethane  and  phenylfluorene. 

In  our  experiments  we  showed  that  freezing  the  benzene  solution  of  the  reaction  mixture  or  its  vacuum  dis¬ 
tillation  gave  triphenylchloromethane  and  triphenyl  carbinol  without  admixture  of  triphenylmethane  and  9 -phenyl¬ 
fluorene,  This  latter  substance  actually  accumulated  in  appreciable  amounts  after  distillation  of  the  cmde  reaction 
product  at  ordinary  pressure. 

We  also  studied  the  effect  of  ultraviolet  illumination  on  the  course  of  the  triphenylchloromethane  synthesis. 

In  diis  connection  we  considered  the  data  of  Gomberg  [14],  Schmidlin  [15],  and  Letsinger  [16]  on  the  conversion  of 
of  triphenylmethane  in  benzene  solution  in  the  light.  They  indicate  the  formation  here  of  triphenylmethane,  dl- 
(9-phenylfluorenyl),  and  9 -phenylfluorene. 

The  condensation  of  benzotrichloride  with  benzene  in  ultraviolet  light  leads  only  to  sharp  increase  in  yield 
of  triphenylchloromethane  (987»).  No  other  substance  was  isolated. 

The  effect  of  water  in  the  AICI3  or  the  addition  of  water  to  the  reaction  mixture  on  the  course  of  the  alkyl¬ 
ation  is  well  known.  In  this  case  the  addition  of  small  amounts  of  water  caused  only  a  lowering  in  the  yield  of  tri¬ 
phenylchloromethane  (63». 

Reducing  processes  are  often  found  in  these  alkylations  in  the  presence  of  easily  dehydrogenated  hydrocarbons 
in  die  reaction  mixture  (dihydroanthracene,  cyclohexane,  etc.)  [1].  Based  on  the  work  of  Nenitzescu  [17],  we 
carried  out  the  condensation  of  benzotrichloride  with  benzene  to  which  was  added  (307o)  cyclohexane.  In  this  case 
we  did  not  obtain  one  normal  alkylation  product.  We  isolated  about  equal  amounts  of  diphenylmethane,  triphenyl¬ 
methane,  and  9 -phenylfluorene  (607o  in  all).  Such  a  result  shows  that  even  in  the  first  stage  of  the  reaction  there 
is  reduction  of  diphenylchloromethane.  The  idea  of  Norris  [11]  for  the  synthesis  of  triphenylmethane  is  based  on 
another  principle.  The  addition  of  ether  to  the  complex  of  triphenylchloromethane  with  AICI3  leads  to  an  ethyl 
ether  of  triphenyl  carbinol  which  is  split  under  the  influence  of  AICI3  to  triphenyl  methane  and  acetaldehyde.  In 
this  case  there  is  a  combined  hydrogenation  “dehydrogenation  which  occurs  intermolecularly  and  intramolecularly 
(9 -phenylfluorene). 

The  replacement  of  AICI3  by  metallic  aluminum  often  also  leads  to  reduction  processes  in  condensations 
with  polyhalogen  compounds.  For  example,  chloroform  and  benzene  with  aluminum  give  diphenylmethane  and 
small  yields  of  triphenylmethane  [18,  19], 

Our  condensation  of  benzotrichloride  with  benzene  in  the  presence  of  aluminum  went  very  violently  and 
always  formed  much  tar.  The  products  of  this  condensation  were  diphenylmethane  and  triphenylmethane. 

EXPERIMENTAL* 

Condensation  was  carried  out  by  gradually  introducing  AlClsfa  commercial  preparation  “GOST4452-4^  in¬ 
to  a  mixture  of  benzotrichloride  and  benzene.  At  the  end  of  the  reaction  the  mixture  was  decomposed  with  water, 
or  with  ice  and  concentrated  hydrochloric  acid.  The  benzene  solution  of  the  reaction  product  was  dried  and 
fractionated,  or  frozen  after  addition  of  ether. 

We  give  typical  examples  of  condensation  in  the  table. 

Condensation  of  Benzotrichloride  with  Benzene  in  the  Presence  of  Cyclohexane 

To  a  solution  of  9.8  g  of  benzotrichloride  in  50  ml  of  benzene  and  25  ml  of  cyclohexane  was  gradually 
added  6.7  g  of  AICI3.  The  mixture  stood  for  20  hours  at  20*  and  then  was  heated  for  2  hours  at  70*.  After  de¬ 
composition  by  acidified  water  the  benzene  layer  was  washed,  dried,  and  fractionated.  We  obtained  1.4  g  (177o) 
of  dij^enylmethane,  2.6  g  (2179)  of  triphenylmethane,  and  2.6  g  (217®)  of  9 -phenylfluorene. 


•  Part  of  the  experiments  were  run  by  T.  Mametzhanov. 
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Condensation  in  Ultraviolet  Light 

After  adding  6.7  g  of  Aids  of  benzene  to  a  solution  of  9.8  g  of  benzotrichloride  in  a  quartz  flask, 

we  illuminated  the  mixture  for  3  hours  with  a  PRK-2  lamp.  Further  illumination  (2-3  hours)  was  repeated  three 
times  in  alternation  with  heating  on  the  water  bath.  Altogether,  the  illumination  lasted  8  hours. 

The  reaction  mixture  was  treated  with  ice  and  concentrated  hydrochloric  acid  (50  g).  The  benzene  layer 
was  separated  and  fractionated.  We  obtained  13.7  g  (987o)  of  trichlorom ethane. 

Condensation  in  the  Presence  of  Aluminu m 

To  a  solution  of  19.5  g  of  benzotrichloride  in  40  ml  of  benzene  was  added  6.27  g  (0.01  g  atom)  of  fresh 
aluminum  filings.  The  mixture  was  heated  to  weak  boiling.  After  5  minutes,  darkening  began  and  then  the  alu¬ 
minum  dissolved.  Heating  was  stopped.  An  energetic  reaction  (muchlikea  Grignard)  at  once  went  on  without 
evolution  of  HCl.  After  a  half  hour,  an  oily  lower  layer  formed,  and  intense  evolution  of  HCl  began.  The  mix¬ 
ture  stood  at  20*  for  12  hours.  After  being  washed  with  water,  the  benzene  layer  was  distilled.  We  Isolated: 
benzotrichloride  6.6  g  (357o),  diphenylmethane  3.8  g  (WT*),  triphenylmethane  0.9  g  (47»),  tar  6  g. 

In  another  similar  experiment  with  double  the  amount  of  aluminum  we  obtained:  diphenylmethane  217», 
triphenylmethane  ll7o.  The  experiment  carried  out  in  a  stream  of  nitrogen  did  not  differ  appreciably. 

TABLE 


Molar  ratio 

CgHjCCls  :  CgHfi  : 

:  AICI3  (experi¬ 
ment  with  0.1  g 
mole  of 

C6H5CCI3) 

Yield  of  products  (in  7») 

Temperature 

Duration 

(hours) 

Diphenyl¬ 

dichloro¬ 

methane 

I 

Triphenyl - 
chloromethane 

1 - 

Triphenyl 

carbinol 

Notes 

1  :  4.5  :  0.1 

20* 

24 

36 

- 

- 

Recovery  of  benzotri¬ 
chloride,  607# 

1  ;  4.5  :  0.1 

90 

2 

47 

20 

- 

1  :  17  :  1 

20 

20 

75 

8 

Decomposition  by 
acidified  water 

1  :  17  :  1 

80 

4 

- 

- 

82 

1  :  2.5  :  1 

80 

4 

88 

5 

Decomposition  by 
ice  and  HCl 

1  :  6  :  1.5 

20 

24 

** 

84 

1 

Decomposition  by 
acidified  water 

Dlphenyldichloromethane  was  Isolated  by  fractionation  of  the  mixture  of  products  after  removal  of  excess 
benzene. 

B.p.  137-140*  at  9  mm,  d*°4  1.2339. 

Freshly  prepared  diphenylchloromethane  always  had  a  bright  blue  color.  When  it  stood  In  a  closed  flask  it 
gradually  lost  the  color  and  crystallized  with  simultaneous  evolution  of  HCl.  The  crystals  were  benzophenone 
with  m.p.  47.48*,  oxime,  m.p.  139-140*. 

When  diphenyldichloromethane  was  hydrolyzed  by  boiling  it  with  water,  it  gave  pure  benzophenone. 

Evidently  the  blue  color  of  diphenyldichloromethane  was  connected  with  the  start  of  the  conversion  to  benzo¬ 
phenone  which  occurred  through  free  ions  or  radicals. 

Triphenylchloromethane  was  isolated  by  distillation  (185-195*  at  7  mm)  or  by  freezing  from  a  benzene -ether 
solution.  When  it  was  recrystallized  from  petroleum  ether  it  melted  at  108-109*.  It  was  identified  by  mixed 
melting  point  with  a  known  preparation. 
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Triphenyl  carbinol  was  isolated  from  the  mother  liquors  after  crystallization  of  triphenylchloromethane. 

In  some  experiments  it  was  the  main  product  and  vras  obtained  by  distillation.  B.  p.  178-180*  at  2  mm.  After 
crystallization  from  glacial  acetic  acid  it  melted  at  159-160*.  It  gave  no  depression  of  melting  point  when 
mixed  with  a  known  preparation  of  triphenyl  carbinol. 

Diplienylmethane  boiled  at  130-132*  at  15  mm.  It  crystallized  when  cooled.  For  identification  we  ob¬ 
tained  4,4’-dinitrodiphenylmethane  with  m.p.  184*  [20]. 

TrifArenylmethane  was  obtained  by  fractionation  of  the  mixture  of  crude  products  which  boiled  at  175-180* 
at  5  mm.  After  it  was  recrystallized  from  acetic  acid  it  melted  at  91-92*.  It  was  identical  with  a  known  prepara¬ 
tion  of  triphenylmethane. 

9-Phenylfluorene  was  isolated  by  distillation  along  with  triphenylmethane.  It  was  separated  by  fractional 
crystallization  from  acetic  acid  (isolated  from  die  mother  liquors),  m.p.  145-146*. 

For  identification  we  compared  it  with  a  preparation  synthesized  from  triphenylcarbinol  by  distillation  widi 
phosphoric  acid  [21].  The  mixed  melting  point  of  both  preparations  gave  no  depression. 

SUMMARY 

1.  We  have  showed  that  the  condensation  of  benzotrichloride  with  benzene  goes  by  successive  replacement 

of  one  or  two  atoms  of  chlorine  depending  on  the  amount  of  AICI3.  With  0.1  g  mole  AlClsj^dijAienyldichloromethane 
is  formed;  with  1  g  mole  AICI3,  triphenylchloromethane  is  obtained  in  yields  up  to  96y/o. 

2.  The  products  of  reduction  and  dehydrogenation  (diphenylmethane,  triphenylmethane,  phenylfluorene) 
do  not  occur  under  ordinary  conditions  of  the  condensation.  These  anomalous  products  occur  in  the  presence  of 
cyclohexane  or  when  metallic  aluminum  is  used  as  the  catalyst. 
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A  STUDY  OF  THE  MOBILITY  OF  THE  ETHYL  GROUP  IN  ETHYLBENZENE  AND  ITS 


DERIVATIVES  BY  THE  METHOD  OF  ISOTOPE  EXCHANGE 

L.  M.  Nazarova 


In  a  previous  work  [1]  it  was  shown  that  the  tertiary  butyl  group  in  tert-butylbenzene  partially  exchanged 
witfi  the  tert-butyl  group  in  tert-butyl  chloride  at  120*  in  the  presence  of  Feds  and  Aids  and  in  the  case  of  tert- 
butylphenol,  such  an  exchange  occurred  without  a  catalyst. 

In  the  present  work  we  have  studied  the  exchange  of  the  ethyl  group  between  ethylbenzene, 
its  nitro  derivatives  (o-,  m-,  and  p-)  and  ethylj^enols  (o-,  m-,  and  p-)  on  the  one  hand,  and  ethyl  bromide  on  the 
other.  We  have  also  studied  the  exchange  between  ethylbenzene  and  metal  ethyls  (~Na,  “MgBr,  “Zn— )  and  for 
comparison,  between  tert-butylbenzene  and  metal  ethyls  (— Na,  ~MgBr). 

On  the  basis  of  the  work  of  Anschutz  [2]  and  Heise  and  Tohl  [3]  which  established  the  mobility  of  the  ethyl 
group  in  ethylbenzene  when  it  was  boiled  with  aluminum  chloride,  and  die  Friedel -Crafts  reaction  which  showed 
the  mobility  of  the  ethyl  group  in  ethyl  bromide,  we  could  expect  diat  exchange  of  groups  between  ethylbenzene 
and  ediyl  bromide  in  the  presence  of  aluminum  chloride  should  occur.  However,  our  experiments  showed  that  in 
diis  case  there  was  no  exchange;  only  the  Friedel -Crafts  reaction  occurred.  In  the  case  of  ethyl  phenols  also  there 
was  only  substitution;  while  with  tert-butylbenzene  and  tert-butylphenols  the  substitution  and  exchange  reactions 
went  on  simultaneously  [1], 

This  led  us  to  the  assumption  that  the  absence  of  exchange  in  the  case  of  ethylbenzene  and  ethyl  bromide 
probably  depended  on  the  different  6  -charges  on  the  carbon  of  the  ethyl  group  in  ethylbenzene  and  in  ethyl  bromide, 
namely: 

X - V  n—  r,— 

^  ^-CH2-CH;4ndBr-CH2-CH3, 

vdiile  in  tert-butylbenzene  and  tert-butyl  chloride  the  charges  on  the  tertiary  carbon  atom  of  the  butyl  group  were 
the  same: 


\  >— C— CHsand 


Cl-C  -CH 
^CH 


3 

3. 


and  in  this  case,  exchange  was  found. 

To  test  this  idea  we  ran  a  series  of  experiments  on  the  exchange  of  the  ethyl  group  between  ethylbenzene 
and  metal  ethyls,  where  we  could  expect  negative  charges  on  the  carbon  of  the  ethyl  group  bound  to  the  metal. 

In  the  Table  we  give  the  results  of  these  experiments.  From  this  table  it  can  be  seen  that  actually  ethyl¬ 
benzene  and  diethylbenzene  exchange  with  metal  ethyls  which  tend  to  split  ionically  (CjHgNa,  C2H5MgBr).  There 
is  no  exchange  with  diethyl  zinc. 

At  the  same  time  experiments  showed  that  the  tertiary  butyl  group  in  tert-butylbenzene  did  not  exchange 
at  all  with  the  ethyl  group. 
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TABLE 

Exchange  Between  Metal  Ethyls  and  Ethylbenzene,  Diethylbenzene,  and  Tert-Butylbenzene 


Activity  of  second 
component  in 
/I  Cu/  mole 

Exchange 
(in  %) 

No. 

System 

Experimental  conditions 

starting 

after  the  ex¬ 
periment 

1 

CHaCHjMgBr  +  CjHg  •  C^Hg 
(ether  solution) 

A  mixture  of  freshly  prepared 
labeled  ethylmagnesium  brom¬ 
ide  (in  ether)  with  ethyl¬ 
benzene  at  room  tempera¬ 
ture,  2  weeks. 

0 

0 

None 

2 

The  same 

The  same  mixture  heated  at 

150*  for  20  hours. 

0 

1.5 

1.6 

3 

The  same 

The  magnesium  organic  com¬ 
pound  was  obtained  in  the 
presence  of  ethylbenzene. 

0 

5.3 

5.6 

4 

C^HsMgl  +  (CHj,)3C  •  CgHs 

The  magnesium  organic  com¬ 
pound  was  obtained  in  the 
presence  of  labeled  tert-butyl¬ 
benzene. 

630 

630 

None 

5 

(C2H5)2Zn  +  (C2H5)2C6H4 

(labeled  in  the  ethyl  group) 

150“,  5  hours 

125 

123 

None 

6 

CzHgNa  +  (C2H5)2C6H4 

(labeled  in  the  ethyl  group) 

The  same 

125 

77 

76.8 

7 

C2H5Na  1- 
+  (CH3)3C  •  CgHj 

The  same 

630 

632 

None 

These  facts  confirm  our  assumption  that  in  the  ionic  type  of  exchange,  the  exchanging  groups  which  have 
the  same  sign  of  6  -charge  on  the  carbon  atoms  will  exchange. 

EXPERIMENTAL 

Ethyl  bromide  labeled  with  was  obtained  from  labeled  ethyl  alcohol  by  the  action  of  phosphorus  penta- 
bromide.  Before  ending  the  distillation  of  ethyl  bromide,  nitrogen  was  blown  through  the  apparatus.  The  reaction 
product  was  removed  in  a  trap  cooled  with  dry  ice,  washed  with  ice  water,  and  dried  over  calcium  chloride. 

The  yield  of  ethyl  bromide  based  on  the  alcohol  was  65‘^fc.  Analysis  of  the  activity  was  carried  out  as  de¬ 
scribed  earlier  [1].  The  activity  of  the  preparation  was  192.6  /i  Cu/  mole  (counted  with  an  accuracy  of  1"^). 

Diethylbenzene  labeled  with  in  the  ethyl  group  was  synthesized  in  a  manner  analogous  to  the  labeled 
tert-butylbenzene  [1].  From  the  mixture  of  mono-,  di-,  and  triethylbenzenes  obtained  in  the  synthesis,  we  iso¬ 
lated  a  p-diethylbenzene  fraction  (b.p.  180-185*)  with  an  activity  of  125  /iCu/  mole  (accuracy  of  counting  1.2*'/i)). 

Ethyl  sodium  was  synthesized  by  the  method  of  Gilman  and  Young  [4].  o-  and  p-Nitroethylbenzenes  were 
obtained  by  ordinary  nitration  of  ethylbenzene.  They  were  separated  by  repeated  distillation  in  a  vacuum.  Sepa¬ 
ration  was  controlled  by  determination  of  refraction. 

m-Nitroethylbenzene  was  prepared  by  the  method  of  Hodgson  and  Walker  [5],  by  diazotizing  p-amino-m- 
-nitroethylbenzene  with  elimination  of  the  diazo  group. 
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0-,  p-,  and  m-Ethylphenols  were  obtained  from  the  corresponding  nitro  compounds  through  die  amino  and 
diazo  compounds. 

The  constants  of  the  substances  which  we  synthesized  corresponded  to  those  given  in  the  literature. 

Exchange  Between  Ethylbenzene  or  its  Derivatives  and  Labeled  Ethyl  Bromide 

An  equimolecular  mixture  of  the  substance*  (0.01  mole)  was  sealed  in  a  glass  ampule  which  was  then  heated 
in  an  air  thermostat  at  150  ±  2*  for  30  hours.  At  the  end  of  the  experiment,  the  ethyl  bromide  was  distilled  off 
directly  from  the  ampule  and  redistilled  twice,  after  which  the  activity  was  determined. 

In  all  cases  the  activity  remained  unchanged. 

Exchange  of  Ethylbenzene  with  Metal  Ethyls 

The  exchange  was  earned  out  in  glass  ampules  blown  out  with  dry  nitrogen.  The  substances,  in  approximately 
equimolecular  amounts,  were  placed  in  the  ampule  under  nitrogen  and  the  ampule  was  sealed  under  nitrogen. 

The  Grignard  reagent  was  prepared  in  the  usual  way  with  the  following  amounts:  0.6-1  g  magnesium, 

2.5 -4.3  g  ethyl  bromide,  20  ml  of  dry  ether.  Before  placing  the  Grignard  reagent  in  the  ampule,  about  half  the 
ether  was  removed  by  passing  nitrogen  through  it. 

Ethyl  sodium  was  placed  in  the  ampule  in  benzene  suspension.  In  the  ampule  it  was  washed  5-6  times  with 
petroleum  ether  and  dried  in  a  stream  of  nitrogen. 

When  heating  was  finished,  the  ampule  was  opened  under  nitrogen  and  Joined  to  an  apparatus  which  permitted 
us  to  carry  out  decomposition  of  the  organometallic  compound  in  a  stream  of  nitrogen,  after  which  the  second  com¬ 
ponent  of  the  mixture  was  removed  by  petroleum  ether  and  dried  over  calcium  chloride.  After  distillation  of  the 
petroleum  ether,  the  residue  was  distilled  in  a  vacuum  and  analyzed  for  activity. 

In  the  experiments  with  tert-butylbenzene,  run  for  comparison,  the  evidence  for  activity  (if  exchange  had 
occurred)  could  be  expected  in  the  first  drojjs  of  the  distillate  (because  of  the  effect  of  admixtures  of  ethylbenzene), 
and  so  the  first  fractions  of  the  vacuum  distillate  were  analyzed. 

The  count  was  made  with  an  accuracy  of  1-279.  The  conditions  of  the  experiment  and  the  results  ate  given 
in  the  Table. 

We  express  thanks  to  N.  I.  Sheverdina  for  the  preparation  of  diethyl  zinc. 

SUMMARY 

1.  We  have  found  that  at  150*  ethylbenzene,  nitroethylbenzene  (o-,  m-,  and  p-)  and  ethylphenol  (o-,  m-, 
and  p-)  do  not  exchange  ethyl  groups  with  ethyl  bromide  which  is  labeled  with  In  the  case  of  ethylbenzene 
and  ethylphenol,  only  substitution  occurs. 

2.  We  have  expressed  the  opinion  that  this  absence  of  exchange  in  distinction  to  tert-butylbenzene  and  its 
derivatives  depends  on  the  different  6  -charges  on  the  carbon  atom  of  the  substituting  group;  in  an  ionic  type  of 
exchange,  the  exchanging  groups  should  have  the  same  sign  of  6  -charge  on  the  carbon  atoms. 

3.  Ethylbenzene  (or  paradiethylbenzene)  enters  an  exchange  reaction  with  metal  ethyls  which  tend  to  undergo 
ionic  splitting  (CjHsMgBr,  CjHsNa). 

In  distinction  to  ethylbenzene,  tert-butylbenzene  does  not  exchange  its  side  chain  group  in  the  reaction  with 
ethylmagnesium  bromide  or  sodium  ethyl. 

These  facts  confirm  the  idea  of  the  role  of  the  6  -charge  on  the  carbon  atom  of  the  exchanging  groups. 
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THE  SYNTHESIS  OF  SOME  NITRO-  AND  AMINO  DERIVATIVES  OF  TOLAN 


L.  M.  Litvinenko,  N.  F.  Levchenko,  and  A.  N.  Androsov 


For  certain  studies  which  were  carried  out  in  our  laboratory  we  needed  4-aminotolan  (4-aminodii^enyl- 
acetylene)  and  its  corresponding  4’-nitro  derivative.  Neither  substance  was  described  in  the  literature,  and  we 
adopted  the  following  general  scheme  for  their  synthesis  (R=  H  or  NOj); 

R-<^  ^-CH=CH-;^_^^-N02  ^ 

(1)  ~ 

R_.^  ^-CHBr-CHBr-<f  ^-NOj  — 

(H)  _ 

- *  R-<^  ^-NOa  R-(^  / _ )>-NH2 

(HI)  (IV) 

The  intermediate  4-nitrotolan  of  this  scheme  was  also  previously  unknown. 

It  was  ptarticularly  intersting  in  this  preparation  to  note  that,  among  the  many  products  which  we  tried  for 
the  reduction  of  III  (NajSa,  (NH4)2S,  H2S  in  pyridine  solution,  hydrazine  hydrate  in  the  presence  of  Raney  nickel, 
and  others),  the  only  positive  results  were  obtained  with  phenylhydrazine,  as  recommended  by  Ruggli  [1]  for  the 
partial  reduction  of  2,2'-dinitrotolan. 

We  showed  the  presence  of  a  triple  bond  in  substances  III  and  IV  as  follows:  4-aminotolan  was  deaminated 
to  give  tolan,  identical  with  die  hydrocarbon  prepared  by  known  methods,  and  4-amino-4;-nitrotolan  was  further 
reduced  easily  to  the  known  4,4*-diaminotolan. 

EX  PERIMENTAL* 

Synthesis  of  4-Aminotolan 

Trans -4-nitrostilbene**  (I.  R=  H)  was  synthesized  by  the  method  described  in  the  literature  [3]  from  diazo- 
tized  p-nitroaniline  and  styrene  in  the  presence  of  copper  chloride,  with  only  this  difference,  that  the  crude  pro¬ 
duct  was  not  purified  by  fractionation  in  a  vacuum,  but  by  steam  distUlation  (145-175*)  and  later  crystallization 
from  normal  butyl  alcohol. 

4-Nitrostilbene  dibromide  (II,  R  —  H)  was  synthesized  by  tlie  method  of  Pfeiffer  and  Sergiewskaja  [4]  with 
some  additions  and  improvements  by  us. 

•Students  E.  G.  Bratash,  N.  A.  Vainshtein,  and  A.  P.  Pugina  shared  in  the  experimental  part  of  the  work. 

••  According  to  the  data  of  Bergmann  and  Hervey  [2],  trails -4-nitrostilbene  with  m.p.  157*  is  easily  obtained  by 
reducing  4-nitrostilbene  oxide,  which  in  its  turn  is  prepared  from  p-iiitrobenzyl  chloride  by  boiling  it  with  benzal- 
dehyde  in  the  presence  of  potash.  We  carried  out  this  synthesis  and  isolated  a  product  which  had  all  the  properties 
claimed  for  it  by  these  authors.  However,  attempts  to  obtain  from  it  the  described  4-aminostilbene  [4]  did  not 
succeed,  nor  could  the  compound  be  converted  to  the  known  4-nitrostilbene  dibromide.  We  also  showed  that  a 
mixed  melting  point  of  the  compound  of  Bergmann  and  Hervey  with  the  4-nitrostilbene  of  whose  authenticity  there 
was  no  doubt  [4]  gave  a  sharp  depression.  Thus,  we  have  established  that  the  method  of  Bergmann  and  Hervey  gives, 
not  4-nitrostilbene,  but  some  other  substance. 
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To  a  solution  of  5.4  g  of  4-nitrostllbene  In  130  ml  of  chloroform  was  added  3  ml  of  bromine  and  the  mixture 
was  allowed  to  sund  3  hours  at  room  temperature.  Then  the  solvent  was  completely  distilled  off  and  the  crystalline 
residue  was  recrystallized  from  toluene  (with  activated  charcoal).  Yield  9  g  (97%);  m.p.  195-197* 

4-Nltrotolan  (III,  R  =  H).  3  g  of  4-nitrostilbene  dlbfomlde  was  suspended  in  150  ml  of  boiling  methanol 
and  a  solution  of  3  g  of  KOH  In  30  ml  of  methanol  was  added  dropwise  through  the  reflux  condenser  over  30  minutes. 
The  solid  substance  then  quickly  dissolved.  When  all  the  alkali  had  been  added,  the  solution  was  boiled  under  re¬ 
flux  for  another  30  minutes  and  the  solvent  was  evaporated  as  completely  as  possible;  otherwise  the  yield  of  re¬ 
action  product  often  fell  sharply.  The  crystalline  residue  was  carefully  ground  with  water,  the  crystals  were  sepa¬ 
rated  from  the  liquid,  washed,  and  boiled  with  a  small  amount  of  methyl  alcohol.  After  they  were  cooled,  they 
were  filtered  and  recrystallized  from  normal  butyl  alcohol  with  activated  charchoal.  Yield,  1.6  g  (92%);  m.p. 
202-203*. 

4-Nltrotolan  was  a  well-crystallized  light-yellow  substance,  not  soluble  in  water,  difficultly  soluble  in  mediyl 
alcohol,  and  moderately  soluble  in  isopropyl  and  butyl  alcohols. 

Found  7o:  N  6.43,  6.18.  Ci4H^2N.  Calculated  %:  N  6.26. 

4-Aminotolan  (IV,  R=  H).  A  mixture  of  0,45  g  of  4-nitrotolan  and  2.7  ml  of  phenylhydrazine  was  gradually 
heated  on  a  paraffin  bath  with  periodic  shaking,  in  a  vessel  with  an  air  reflux  condenser  (thermometer  in  bath). 

At  about  120-130*  everything  dissolved  and  nitrogen  began  to  be  evolved.  As  the  evolution  of  nitrogen  became 
slower,  the  bath  temperature  was  slowly  raised  and  reaction  again  become  lively.^  Thus,  the  temperature  was 
raised  to  205-210*,  where  the  mixture  was  kept  for  20-30  minutes,  after  which  evolution  of  nitrogen  had  practi¬ 
cally  stopped.  The  total  time  of  heating  was  about  3  hours.  The  solution  stood  until  the  next  day,  and  no  crystals 
were  seen  in  it,  so  that  reduction  was  sufficiently  complete.  The  solution  was  then  carefully  mixed  with  135  ml 
of  5%  sulfuric  acid  and  the  unreacted  phenylhydrazine  dissolved  while  the  reaction  product  precipitated  as  a  sulfate. 
The  salt  was  filtered  and  washed  with  water,  ethyl  alcohol,  and  ether  until  the  last  portion  of  each  wash  solution 
was  colorless.  Yield  0.45  g  (927o).  To  obtain  the  free  base,  we  ground  the  amine  sulfate  with  a  cold  solution  of 
aqueous  ammonia  (1  ;  1),  washed  the  product  with  water,  and  recrystallized  it  from  aqueous  methyl  alcohol  (1  ;  2). 
M.p.  126-127*. 

4-Aminotolan  was  a  white,  crystalline  substance,  insoluble  in  water  and  easily  soluble  in  ordinary  organic 
solvents. 

Found  %:  NHj**  8.13,  8.24.  CnHuN.  Calculated  %:  NHj  8.29. 

Deamination  of  4-aminotolan.  To  a  solution  of  0.1  g  of  4-aminotolan  in  3  ml  of  glacial  acetic  acid  we 
added  0,6  ml  of  concentrated  hydrochloric  acid,  and  cooled  the  crystallizing  mixture  to  0*;  to  this,  gradually 
and  with  good  stirring, we  added  a  solution  of  0.036  g  of  sodium  nitrite  in  0.5  ml  of  water.  The  resulting  diazo 
solution  was  filtered  and  slowly  added  to  a  cooled  mixture  of  1  g  of  potassium  hypophosphite  and  2  ml  of  hydro¬ 
chloric  acid  (1  :  1),  and  it  was  all  stirred.  The  solution  stood  for  several  hours  in  ice,  and  then  over  night  at  room 
temperature.  The  precipitate  was  separated  from  the  liquid  and  the  reaction  product  was  extracted  from  it  with 
boiling  ethyl  alcohol;  the  solution  was  treated  with  activated  charcoal,  evaporated  to  small  volume  and  the  re¬ 
action  product  was  carefully  precipitated  by  the  addition  of  water.  Yield  0,06  g  (65%),  After  recrystallization 
from  aqueous  ethyl  acohol,  white  crystals  with  m.p.  60-61*.  A  mixed  melting  point  of  these  crystals  with  a  known 
sample  of  tolan  [6]  gave  no  depression. 

Synthesis  of  4-Amino-4* -nitrotolan 

4,4'-Dinitrostilbene  (I,  R=  NOi).  The  substance  was  obtained  by  the  action  of  alcoholic  alkali  on  p-nitro- 
benzylchlorlde  by  the  method  of  Walden  and  Kernbaum  [7].  This  gave  a  mixture  of  isomers  (cis  and  trans),  which, 
as  we  have  found,  need  not  be  carefully  separated  in  this  case,  and  immediately  after  the  reaction  it  is  enough  to 
recrystallize  themoncefrom  nitrobenzene  or  pyridine.  The  product  with  m.p.  275-280*  consists  chiefly  of  the 
trans-isomer  and  was  used  for  further  reactions. 

•  The  course  of  the  reaction  was  satisfactorily  controlled  by  following  the  intensity  of  evolution  of  bubbles  of  gas 
in  a  glass  capillary  joined  by  a  rubber  tube  to  the  upper  part  of  the  condenser  and  leading  from  the  other  end  to 
a  vessel  which  contained  about  0.5  ml  of  water. 

•  •The  description  of  a  micromethod  for  determination  of  aromatic  amino  groups  can  be  found  in  a  previously 
published  paper  [5]. 
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4,4*-Dlnitrostllbene  dibromide  (11,  R—  NOj),  7  g  of4,4'-dinltrostIlbene  was  suspended  In  280  ml  of  glacial 
acetic  acid,  heated  to  50-60*.  and  then  over  5-10  minutes  3.6  ml  of  bromine  was  added  with  continuous  shaking. 

The  mixture  was  heated  to  boiling  and  kept  at  this  temperature  for  1.5-2  hours,  with  periodic  shaking.  Part  of 
the  precipitate  dissolved.  Without  filtering,  about  two  thirds  of  the  solvent  was  distilled  off.  The  remaining  liquid 
was  cooled  and  allowed  to  stand  for  some  time  for  more  complete  precipitation  of  the  reaction  product.  The 
crysuls  were  filtered  and  washed  with  a  small  amount  of  warm  acetone.  Yield  10.1  g  (Ol^/b).  This  substance  with 
m.p.  265-270*  was  used  without  further  purification  in  the  next  step  of  the  synthesis. 

The  use  of  dioxane  as  a  solvent  in  this  reaction,  as  recently  recommended  [8],  according  to  our  results  gives 
a  product  of  poor  quality. 

4,4*-DlnItrotolan  (III,  R  =  NOj)  was  obtained  as  described  in  the  literature  [8]  and  was  recrystallized  from 
glacial  acetic  acid.  Yield  65-70>,  m.p.  214* 

4-Amino-4*-nitrotolan  (III,  R=  NO;).  3  g  of  4,4'-dinltrotolan,  3.5  ml  of  phenylhydrazine,  and  30  ml  of 
m-xylene  were  slowly  heated  with  periodic  shaking  in  a  large  vessel  with  a  reflux  condenser,  deeply  immersed 
in  a  paraffin  bath.  When  the  temperature  reached  115-120*,  a  weak  evolution  of  nitrogen  began  (control  of  the 
reaction  was  carried  out  here  in  the  same  way  as  in  the  synthesis  of  4-aminotolan).  At  135-140*  the  substance 
began  to  dissolve;  solution  soon  was  complete  and  evolution  of  nitrogen  became  stronger.  Then  the  bath  temperature 
was  raised  to  145-150*  in  such  a  way  that  the  reaction  did  not  become  too  violent,  and  it  was  kept  at  this  level 
for  3  hours.  At  the  end  of  this  time,  evolution  of  nitrogen  had  almost  completely  stopped  and  the  solution 
had  become  orange-red.  The  mixture  was  cooled  and  allowed  to  stand  until  the  next  day.  The  red  needles  which 
precipitated  were  filtered  (2.7  g)  and  dissolved  in  90  ml  of  hot  chlorobenzene.  A  stream  of  dry  hydrogen  chloride 
was  passed  into  the  still-warm  solution  (50-60*)  until  the  amine  hydrochloride  had  precipitated  completely  in  the 
form  of  light-yellow  crystals.  The  precipitate  was  ground  with  a  cold  solution  of  aqueous  ammonia  and  then  washed 
with  water.  Yield  2.4  g  (907#);  m.p.  195*.  For  more  complete  purification  the  product  was  recrystallized  from 
chlorobenzene  (activated  charcoal),  and  the  melting  point  was  thus  raised  to  198-200* 

4-Amino-4-nitrotolan  is  an  Intensely  red  substance,  easily  soluble  in  nitrobenzene  and  pyridine, moderately 
soluble  in  glacial  acetic  acid,  xylene,  and  chlorobenzene,  and  soluble  with  difficulty  in  alcohol;  insoluble  in 
water. 

Found  NHj  6.66,  6.59.  C14H10O2N2.  Calculated  NHj  6.73. 

Reduction  of  4-amino-4’-nitrotolan  to  4,4’-diaminotolan  was  carried  out  with  zinc  dust  in  hydrochloric 
acid  under  conditions  analogous  to  those  under  which  4,4*-diaminotolan  was  obtained  from  4,4'-dinitrotolan  [8, 

9].  When  we  carried  out  parallel  experiments  on  the  reduction  of  4-amlno-4*-nitrotolan  arid  4,4'-dinlttotolan 
we  found  that  the  reaction  with  the  first  substance  went  much  more  smoothly  and  with  better  yield.  In  both  cases 
we  obtained  absolutely  identical  4,4’-diaminotolan.  From  these, by  diazotization  and  coupling  of  the  diazo  com¬ 
pound  with  H  acid  in  an  alkaline  medium  (performed  by  B.  M.  Krasovitskll)  ,we  synthesized  the  same  azo  dye, 
identical  in  all  properties  including  the  absorption  spectrum. 

SUMMARY 

We  have  synthesized  the  undescribed  4-nltrotolan,  4-aminotolan,  and  4-amlno-4’-nittotolan. 
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THE  SYNTHESIS  OF  HYDROCARBONS 
LXV.  DI-TERT-ALKYLMETHANES  FROM  2,4-DIMETHYL-l,3-PENTADIENE 

R.  la.  Levina,  lu.  S.  Shabarov,  and  V.  K,  Daukshas 


In  a  previous  communication  we  described  [1]  the  preparation  of  alkanes  with  two  quaternary  carbon  atoms 
separated  by  a  CH2  group  (di-tert-alkylmethanes);  they  were  synthesized  by  reaction  of  alkylmagnesium  bromides 
(in  the  presence  of  mercuric  chloride)  with  tertiary  chlorides  (III)  which  already  contained  one  quaternary  carbon 
atom.  The  starting  tertiary  chlorides  of  structure  III  were  obtained  in  907o  yields  from  the  hydrochlorides  of  the 
corresponding  ethylenic  hydrocarbons  with  quaternary  carbon  atoms  (II),  which  in  turn  were  synthesized  in  45-657o 
yields  by  the  action  of  2,4-dimethyl-l,3-pentadiene  hydrochlorides*  on  alkylmagnesium  bromides.  Thus,  in  our 
method  for  the  synthesis  of  di-tert-alkylmethanes  the  starting  substance  was  actually  2,4-dimethyl-l,3-pentadiene; 
the  synthesis  was  carried  out  as  follows: 


CH3  CH;, 

CH;,-C=CH-C=CH2  — h 


CH3  CH;, 

CH;,-C---CH-C-C1  - 


(1) 


CHo 


CH, 


CH, 


I 

CH3 

CH3 


r_C_CH^C-CH3  — ^  R-C-CH2-C-CI 


(H?CI,) 


CH, 


CH;, 


nil 


CH3 

(HI) 


CH3  CH3 

I  I 

CH3-C=CH-C— R 

I 

(»)  CH3 
CH,  CH3 

I  '  I 

R-C-CHo— C— R' 

I  “  I 

CH,  CH3 
(IV) 


In  the  work  cited  above  [1]  we  synthesized  symmetrical  di-tert-alkylmethanes  of  the  general  formula  IV 
which  contained  only  radicals  with  a  normal  structure  (where  R=  R’  =  CH3;  C2H5;  u-CsHy;  n-C4H9).  In  the 
present  work  we  have  used  the  same  method  to  obtain  otlier  previously  undescribed  alkanes  IV  which  also  have  a 
symmetrical  structure,  but  more  branching  (where  R  =  R*  ■=  iso-C3H7:  iso-C4H9;  iso-CsHu;  —  CH(CH3)C2H5; 
CH(CH3)C3H7;  we  also  synthesized  some  unsymmetrical  di-tert-alkylmethanes  (where  R  =  CH3  and  R’  =  C3H7; 

R=  iso-C3H7  and  R*  =  C3H7:  R=  CH(C2H5)2  and  R'  iso-C3H7). 

When  we  compare  the  constants  ot  the  alkanes  with  different  structures  synthesized  in  this  and  the  previous 
[1]  work,  we  can  establish  some  regularities  in  the  changes  of  the  densities  and  coefficients  of  light  refraction. 

Thus,  the  greatest  densities  and  coefficients  of  light  refraction  are  found  in  the  most  branched  alkanes  which  contain 
the  maximum  number  of  quaternary  and  tertiary  carbon  atoms,  especially  when  the  quaternary  and  tertiary  carbon 
atoms  are  found  in  a  series  (see  Table  3).  In  the  reaction  with  organomagnesium  compounds  the  saturated  tertiary 
chlorides  (III)  undergo  not  only  exchange  of  a  chlorine  atom  with  the  radical  of  the  organomagnesium  compound, 
but  also  loss  of  hydrogen  chloride  with  the  formation  of  the  starting  alkene  (II)  (507o)  which  can  again  be  used  for 
the  synthesis  of  the  alkanes  IV.  The  yield  of  di-tert-alkylmethanes  varied  from  3  to  207®  calculated  on  the  tertiary 
chloride  which  reacted,  and  from  6  to  407®  on  that  used. 

It  is  important  to  note  that  di-tert-alkanes  of  this  structure  (IV)  can  also  be  obtained  in  several  other  ways: 


*  In  previous  studies  [2-5]  we  used  the  hydrobromides  rather  than  the  hydrochlorides  of  2,4-dimethyl-l,3-pentadiene{ 
the  yield  of  alkenes  was  only  25-307®. 
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by  exhaustive  hydrochlorination  of  2,4-dlmethyl-l,3-pentadlene  and  reacting  the  thus  prepared  (In  yield) 
saturated  ditertlary  dlchlorlde  with  a  magnesium  organic  compound  In  the  presence  of  mercuric  chloride. 


CH;, 


CH, 


CH, 


CH, 


CH 


,-(!:=CH-i 


=CH, 


+2HC1 


Cl-C-CHo-C-Cl 


CH, 


(V) 


+2RM}.Br 

7H7ci,r 


CHg 
I  I 
R-C-CHa-C 


CHs 
R 


I 

CH, 


(IV  ) 


(in. 


By  this  reaction  we  synthesized  one  of  the  alkanes  (R  =  R'  =  CgHg)  In  5"/b  yield,  based  on  the  starting  di- 
chlorlde,  or  based  on  the  2,4-dlmethyl-l,3-pentadlene:  during  this  reaction  there  Is  splitting  of  hydrogen 
chloride  from  the  dlchlorlde  with  formation  of  the  starting  diene  and  with  Its  further  dimerization. 

Thus,  this  second  method  of  synthesis  gives  a  lower  yield  of  dl-tert-alkylmethane  (IV)  than  the  one  con¬ 
sidered  above  (the  yield  of  the  same  hydrocarbon  by  the  first  method  of  synthesis,  based  on  the  2,4-dimethyl-l,3- 
-pentadiene,  was  9'^);  also  this  permits  the  synthesis  only  of  alkanes  with  a  symmetrical  structure  (R=  R’). 

EXPERIMENTAL 

2-Chloro-2,4-dlmethyl-3-pentene  (I).  2,4-Dlmethyl-l,3-pentadiene  (b.p,  92-93*  at  745  mm,  n*®D  1.4445, 
d*®4  0.7375;  literature  data  [2]:  b.p.  93-94*  at  755  mm,  n*®D  1.4448,  d*®4  0.7375)  was  treated  with  hydrogen 
diloride  under  the  conditions  described  earlier  [1,  6].  When  the  monohydrochloride  was  distilled  or  kept,  hydrogen 
chloride  split  out,  and  so  in  the  further  reaction  with  RMgBr  the  dried,  but  not  distilled,  monohydrochloride  was 
used  immediately  after  it  was  obtained. 

2,4-Dlchloro-2,4-dlmethylpentane  (V).  Exhaustive  hydrochlorination  of  2,4-dimethyl-l,3-pentadiene  was 
carried  out  by  shaking  for  2  hours  the  undistilled  monohydrochloride  (1  mole)  with  concentrated  hydrochloric  acid 
(300  ml)  which  had  been  saturated,  while  cooled  with  ice  water, with  hydrogen  chloride.  The  resulting  dihydro¬ 
chloride  was  separated,  washed  with  water,  dried  over  calcium  chloride,  and  vacuum  distilled  (yield  104  g,  65‘'/fe). 

B.p.  60-62*  at  11  mm,  n*®D  1.4537,  d*°4  1.0292,  MRp  44.51.  C7H14CI2.  Calculated  44.27. 

The  literature  data  [7]  (synthesized  by  the  action  of  hydrochloric  acid  on  the  corresponding  glycol),  b.p. 
51.5-51.7*  at  8  mm. 

As  a  by-product  of  the  reaction  we  isolated  the  dimer  of  2,4-dimethyl-l,3-pentadiene  (b.p.  90*  at  10  mm, 
n*®D  1.4800;  literature  data  [3]:  b.p.  91.5*  at  11.5  mm,  n*®D  1.4797)  and  also  the  undescribed  monohydrochloride 
of  this  dimer  with  m.p.  95*  (from  alcohol). 

Found  •'/o:  C  73.03;  71.83;  H  11.15,  10.96;  Cl  15.80,  15.71.  Ci4H25Cl.  Calculated  C  73.48;  H  11.02; 

Cl  15.50. 

The  same  monhydrochloride  with  m.p.  95*  was  obtained  by  shaking  the  dimer  of  2,4-dimethyl-l,3-pentadiene 
with  hydrochloric  acid  saturated  with  hydrogen  chloride;  a  mixed  melting  point  of  both  preparations  gave  no  de¬ 
pression. 

Reaction  of  2-chloro-2,4-dimethyl-3-pentene  with  alkylmagnesium  bromides.  2-C3iloro-2,4-dimethyl-3- 
-pentene  was  reacted  with  primary  alkyl  (R=  CH,,  iso-C4H9,  and  iso-CsHji)  and  secondary  alkylmagnesium  bro¬ 
mides  (R  =  iso-CsH,,  sec-C4H9,  and  both  isomers  of  sec-CsHu).  The  reaction  was  carried  out  under  the  conditions 
described  earlier  [1,  6].  The  constants  and  yields  of  the  alkanes  (III)  which  were  synthesized  are  given  in  Table  1. 

In  all  the  experiments,  *e  dimer  of  2,4-dimethyl-l,3-pentadiene  with  b.p.  90*  at  10  mm  was  Isolated  from  the 
higher  boiling  fraction.  The  position  of  the  double  bond  in  the  alkanes  II  was  confirmed  by  ozonizing  one  of  them, 
2,4,4-trimethyl-5-ethyl-2-heptene  (R=  CHfC^Hs),  ). 

After  decomposition  of  the  ozonide  by  water,  the  latter  was  oxidized  with  hydrogen  peroxide  and  soda  was 
added  to  an  alkaline  reaction;  the  peroxide  of  acetone  was  steam-distilled  from  the  mixture,  m.p.  131-132*, 
(literature  data  [8]  m.p.  132-133*);  from  the  alkaline  solution  after  the  usual  treatment  was  separated  an  acid 
with  b.p.  237-238*  at  750  mm,  whose  molecular  weight  corresponds  to  that  of  a, a -dimethyl -fl -ethylvaleric 
acid  (not  described  in  the  literature). 

Found:  M  159  (by  titration).  CfH^gO,.  Clalculated:  M  158.2. 
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TABLE  1 


CH. 

I 


CH, 


Alkenes  of  the  General  Structure  R-c— ch=c-ch, 

I 

CH, 


R 

Name 

B.  point 

pre.5siire 

imm) 

20 

Yield 
(in  °lo) 

CHa 

2^,4-Trimethyl-2- 

pentene 

102—103° 

(740) 

1.4131 

0.7183 

65 

iso  -C3H7 

2,3,3,5-Tetrametbyl” 

4 -hexene 

152-153 

(745) 

1.4382 

0.7680 

50 

iso.C4H9 

2,4,4, 6-Tetramethyl- 
2-heptene 

61-62 

(20) 

1.4347' 

0.7608 

53 

sec 

2,4,4,5-Tetramethyl- 
2 -heptene 

173.0—173.4 

(742) 

1.4439 

0.7825 

48 

iso'CsHii 

2,4,4,7-Tetramethyl- 
2 -octene 

65-66 

(11) 

1.4379 

0.7690 

55 

C3H7~CH- 

ins 

2,4,4,5-Tetramethyl- 
2 -octene 

188.2-188.7 

(750) 

1.4431 

0.7820 

46 

C,H5-CH- 

C2H5 

2,4,4 -Trimethyl-5 - 
ethyl -2  -heptene 

192.0-192.5 

(745) 

1.4461 

0.7878 

45 

TABLE  2 


CH,  CH, 

Tertiary  Chlorides  with  the  General  Structure  R-c— CH,— (^-Ci 

I  I 

CH,  CH, 


Boilinc 

MRj) 

R 

Name 

point  (pres* 
sure  in  mm} 

2(1 
"  h 

“4 

found 

calc. 

CH;, 

2  -Chloro  -2,4,4  -tri  - 
methylpentane  • 

40-40.5’ 

(12) 

65—66 

(9) 

67-  68.5 
(5) 

81—82 

(10) 

71-72 

(1.5) 

62-63 

(3) 

1.4308 

0.8746 

1 

44.01 

44.01 

iso  "C3H7 

2  -Chloro-2,4,4,5  -tetra  - 
methylhexane 

1.4498 

0.8951 

53.07 

53.25 

iso  ■C4H9 

2  -Chloro  -2 ,4,4, 6-tetra  - 
methylheptane 

1.4464 

0.8790 

57.89 

57.85 

sec  -C4H0 

2  -Chloro  -2,4,4, 5  -tetra  - 
methylheptane 

1.4539 

0.8937 

57.84 

57.86 

iso-CsHii 

C3H7-CH- 

1 

CH3 

2-Chloro-2,4,4,7-tetra- 

methyloctane** 

2 -Chloro  -2, 4, 4, 5 -tetra - 
methyloctane 

1.4477 

1.4516 

0.8789 

0.8854 

62.35 

62.41 

62.48 

62.48 

C,H5-CH- 

1 

CzHb 

2  -Chloro  -2,4,4  -tri  - 
m  ethyl-5 -ethylpen- 
tane 

57—58 

(2.5) 

1.4549 

0.8908 

62.36 

62.48 

•Literature  data  [9]:'  b.p.  53*  (29  mm),  n*®D  1.431. 

••  Found  "yfe;  C  70,63.  70,60;  H.  11.84;  12.02.  CuH^gCl.  Calculated  C  70.36;  H.  12.31. 
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Di-tert-alkylmethanes  r-c-ch,-c 


calculated  by  the  additive  scheme  of  V.  M.  Tatevskii  with  account  of  the  subtypes  of  chemical  bonds. 


Addition  of  hydrogen  chloride  to  the  alkenes  (11).  The  alkenes  which  we  had  synthesized  were  saturated 
with  hydrogen  chloride  while  cooled  with  ice  and  salt  and  then  shaken  for  2-3  days  at  room  temperature  with 
concentrated  hydrochloric  acid  saturated  while  cold  with  hydrogen  chloride.  The  resulting  tertiary  chlorides  were 
washed  with  water,  dried  over  calcium  chloride,  and  vacuum-distilled  (the  yield  of  chlorides  in  all  cases  reached 
90  7o).  Some  of  the  chlorides  lost  hydrogen  chloride  when  distilled  or  kept:  such  unstable  tertiary  chlorides  were 
reacted  with  organomagnesium  compounds  (in  the  presence  of  mercuric  chloride)  immediately  after  their  prepa¬ 
ration,  washing  with  water,  and  drying  (but  without  distillation);  their  constants  were  determined  by  distillation 
of  a  small  amount  of  the  substance  ^see  Table  2). 

Synthesis  of  di-tert-alkylmethanes  (IV)  from  the  tertiary  chlorides  (III),  The  reaction  between  the  organo¬ 
magnesium  compounds  (R'MgBr)  and  the  tertiary  chlorides  was  carried  out  in  the  presence  of  mercuric  chloride 
by  the  method  described  in  the  previous  communication  [1],  The  reaction  products  (after  distilling  off  the  ether) 
were  shaken  for  an  hour  with  concentrated  hydrochloric  acid  at  40-60*  (to  decompose  the  mercury  compounds  of 
which  were  formed  as  contaminants  in  the  reaction),  washed  with  2  N  soda  solution  and  water,  dried  over  calcium 
chloride,  and  after  boiling  over  sodium,  they  were  distilled.  In  the  following  fractionations  they  were  redistilled 
on  a  column  with  30  theoretical  plates  and  in  each  case  two  fractions  were  collected,  the  lower  boiling  of  which 
corresponded  to  the  starting  alkene  (II)  in  yield  of  about  507oand  the  higher  boiling  di-tert-alkylmethane.  The 
constants,  yields  and  analytical  data  for  the  di-tert-alkylmethanes  (not  previously  described)  are  given  in  Table  3. 

We  should  remark  that  for  the  branched  alkanes  (Nos.  2,  3,  5,  6,  8)  in  which  there  were  adjacent  quaternary 
and  tertiary  carbon  atoms,  the  observed  molecular  refractions  (MRp)  differed  greatly  (by  0.40-0.90)  from  the  values 
calculated  in  the  usual  way  (from  the  atomic  refraction);  therefore  in  Table  3  we  give  MRp  also  as  calculated  by 
the  additive  scheme  of  V.  M.  Tatevskii  [10],  calculated  on  subtypes  of  chemical  bonds.  The  molecular  refraction 
(calculated  according  to  V.  M.  Tatevskii)  agrees  well  with  the  results  of  our  experiments. 

Synthesis  of  di-tert-alkylmethanes  was  studied  by  the  method  of  combination  light  scattering.*  In  none  of 
the  hydrocarbon  spectra  was  there  a  frequency  in  the  region  1600-1680  cm'^,  which  shows  the  absence  of  any  con¬ 
taminating  unsaturated  hydrocarbons.  The  presence  of  complex  branching  with  quaternary  atoms  of  carbon  was 
confirmed  in  all  cases  by  the  presence  of  intense  spectral  lines  in  the  regions  690-740,  930,  and  1200-1250  cm  ^ 
[11.  12]. 

Synthesis  of  3,3,5,5-tetramethylheptane  from  2,4-dichloro-2,4-dimethylpentane.  The  reaction  between 
ethylmagnesium  bromide  (115  g  of  ethyl  bromide,  24.3  g  of  magnesium,  and  200  mg  of  absolute  ether)  and  2,4- 
-dichloro-2,4-dimethylpentane  [(V),  0.25  mole]  was  carried  out  in  the  presence  of  mercuric  chloride  under  the 
conditions  [1]  described  for  the  reaction  between  R’MgBr  and  saturated  tertiary  monochlorides  (III).  When  the  re¬ 
action  product  was  distilled  we  obtained  a  57o  yield  (based  on  the  dichloride)  of  3,3,5,5-tetramethylheptane  with 
constants  close  to  those  obtained  earlier  by  us  [1]  for  this  hydrocarbon  (b.p,  71-73*  at  12  mm,  n^^D  1.4327,  d  4 
0,6793),  and  also  the  dimer  of  2,4-di-methyl-l,3-pentadiene  (b.p.  92*  at  12  mm). 

SUMMARY 

1.  We  have  worked  out  a  new  general  method  based  on  2,4-dimethyl-l,3-pentadiene  for  the  synthesis  of 
alkanes  with  two  quaternary  carbon  atoms  separated  by  a  CH2  group  (di-tert-alkylmethanes);  these  have  been 
difficult  to  obtain  and  were  almost  unknown  earlier,  since  only  the  first  member  of  this  series  of  hydrocarbons  had 
been  described.  The  method  consists  of  the  following  reactions:  1)  obtaining  a  tertiary  unsaturated  chloride  of 
the  allyl  type  by  treatment  of  2,4-dimethyl-l,3-pentadiene  with  hydrogen  chloride;  2)  its  reaction  with  alkyl 
magnesium  bromides  to  give  alkenes  with  one  quaternary  carbon  atom  (yields  45-6570);  3)  treatment  of  these 
with  hydrogen  chloride;  4)  reaction  of  the  tertiary  chlorides  thus  obtained(in  yields  of  907«)  with  alkylmagnesium 
bromides  in  the  presence  of  mercuric  chloride. 

2.  We  have  synthesized  di-tert-alkylmethanes  with  symmetrical  and  unsymmetrical  structures,  including 
those  in  which  there  are  neighboring  quaternary  and  tertiary  carbon  atoms  (yield  3-207»  based  on  the  tertiary 
chloride  which  reacts,  and  6-407»  based  on  that  used  in  the  reaction). 

3.  We  have  described  for  the  first  time  some  tertiary  monochlorides  with  one  quaternary  carbon  atom  in 
the  chain. 

•  We  express  thanks  to  E.  G.  Treshchova  for  carrying  out  the  optical  studies. 
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4.  We  have  worked  out  a  method  for  preparing  the  hydrogen  chloride  addition  products  of  2,4-dimethyl- 
-1.3-penudiene  with  the  separation  of  its  monochloride  (2-chloro-2,4-dimethyl-3-pentene)  and  its  dichloride 
(2,4-dichloro-2.4-dimethylpentane). 
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A  STUDY  OF  THE  CHEMICAL  STRUCTURE  OF  S  O  DIU  M -C  A  RBON  IC  ACID 

POLYMERS  OF  DIVINYL 


A,  I.  lakubchik,  A.  I.  Spasskova,  and  L.  A.  Shlbaev 

Sodium -carbonic  acid  polymers  of  divinyl  are  formed  when  divinyl  is  polymerized  by  metallic  sodium  in 
an  atmosphere  of  dry  carbon  dioxide  [1,  2].  It  is  a  friable,  spongy  product,  not  swollen  and  not  soluble  in  the 
ordinary  organic  solvents.  In  contact  with  divinyl  and  its  homologs,  it  can  cause  the  formation  of  polymers  like 
itself. 

Steimmig  found  levulinlc  alddryde  and  levulinic  acid  In  the  decomposition  product  of  the  ozonlde  of  the 
sodium-carbonic  acid  polymer  of  isoprene.  Hence,  in  the  polymer,  the  isoprene  molecules  are  combined  in  the 
1,4-position  (about  807o  of  the  carbon  skeleton  of  the  polymer)  [2]. 


A 

!%  \10%\  15%  I  2r*A  Im!  <*0%^50W 


300  m 

Fig.  1. 


1)  Chromatogram  of  the  viscous  acid  from  the  pro¬ 
duct  of  ozonolysis  of  sodium -carbonic  acid  polymer 
(20*);  2)  chromatogram  of  an  acid  mixture  of  levu¬ 
linic  (II),  acetic  (III),  formic  (IV),  succinic  (V), 
butan -1,2,4 -tricarboxylic  (VI)  and  propan-1, 2,3- 
-tricarboxylic  (VII)  acids;  A)  amount  of  alkali 
(in  mg);  B)  amount  of  extracting  solvent  (in  ml) 


300  600 


Fig.  2. 

t)  Chromatogram  of  the  viscous  acid  from  the 
ozonolysis  product  of  sodium -carbonic  acid 
polymer  (50*);  2)  chromatogram  of  an  acid 
mixture:  levulinic  (II),  acetic  (III),  formic 
(IV),  succinic  (V),  butan-l,2,4-tricarboxylic, 

(VI),  propan -1,2,3 -tricarboxylic  (VII);  A)  amount 
of  alkali  (im  mg);  B)  amount  of  extracting  solvent. 


When  we  studied  the  chemical  structure  of  the  sodium-carbonic  acid  polymer  of  divinyl  obtained  at  20  ana 
50*,  we  showed  that  in  this  polymer  a  considerable  percentage  of  the  divinyl  molecules  are  combined  in  the  1,4- 
position  and  their  structure  is  very  similar  to  the  structure  of  the  spongy  polymer  of  divinyl  [3].  In  Table  1  we 
give  data  on  the  chemical  structure  of  sodium -carbonic  acid  and  of  spongy  polymer  of  divinyl.  Although  their 
structure  is  very  similar  to  the  structure  of  the  rubber-like  polymer,  their  properties  are  very  different  from  sodium 
divinyl  rubber.  The  absence  of  elasticity  in  these  polymers  and  their  insolubility  evidently  depend  not  only  on 
chemical  structure,  but  on  other  factors  which  determine  the  properties  of  high  molecular^weight  compounds. 
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TABLE  1 


Percent  of  divinyl  molecules 

combined  in  position 

1.4 

1,2* 

Spongy  divinyl  polymer . 

55.5 

22.8 

Sodium -carbonic  acid  divinyl  polymer 

obtained  at  50* . 

54.4 

23.6 

Sodium -carbonic  acid  divinyl  polymer 

obtained  at  20* . 

1 

57.1 

20.1 

•  The  percent  of  1,2-bonds  was  determined  by  the  amount  of  HCOOH  and 
HCOH  in  the  ozonolysis  product. 


TABLE  2 


Acid 

Percent  of  the  hydrocarbon 
skeleton  in  the  acids  found 
in  the  ozonolysis  products  of 
the  polymers  prepared  at 

20* 

50* 

Leculinic . 

0.8 

2.2 

Succinic . 

46.3 

42.4 

Butan-l,2,4-tricarboxylic . 

11.4 

12.5 

Propan-1,2,3 -tricarboxylic . 

2.7 

2.3 

Hexan-l,x,y,6-tetracarboxylic . 

2.3 

0.5 

The  structure  of  the  sodium -carbonic  acid  polymer  of  divinyl  was  studied  by  ozonolysis.  In  the  ozonolysis 
product  we  found  the  acids:  levulinic,  formic,  succinic,  butan-l,2,4-tricarboxylic,  propan -1,2,3 -tricarboxylic, 

and  hexan-l,x,y,6-tetracarboxylic  which  were  also  found  in 
the  ozonolysis  product  from  the  spongy  divinyl  polymer  and 
divinyl  mbber  [3,  4],  In  Figs.  1,  2,  and  3  we  give  chromato¬ 
grams  of  the  acids  isolated  from  the  ozonolysis  product  of  the 
polymers  which  were  studied.  From  the  chromatograms  we 
have  calculated  the  percent  of  the  carbon  skeleton  of  the 
polymers  in  the  acids  and  the  percent  of  the  carbon  skeleton 
of  the  polymers  in  the  portions  from  which  they  were  formed 
in  the  ozonolysis.  The  results  are  given  in  Tables  2  and  3. 

In  the  portions  with  known  structure  are  found  64-66  7» 
of  the  carbon  skeleton  of  die  polymers.  In  the  products  of  oxi¬ 
dative  decomposition  of  the  ozonides  of  the  polymers  which 
were  studied  are  found  89-907*  of  the  carbon  skeletons  of  the 
ozonized  polymers.  The  carbon  skeleton  of  the  polymers  which 
is  not  accounted  for  was  contained  in  acids  whose  stmcture  was 
not  determined  and  which  on  chromatogram  1  (Figs.  1  and  2) 

,  .  correspond  to  peaks  I  and  IX,  and  also  in  the  neutral  and  gaseous 

Fig.  3,  Chromatogram  of  the  separation  ^  j.j  j  i  u 

®  ®  ,  ...  products  which  we  did  not  study.  Also  there  are  peaks  on  the 

of  the  crystalline  acid  from  the  ozonolysis  ,  ,  .  ,  ,  ,  .  r  . 

'  ^  chromatograms  vmich  corresponds  to  acetic  and  formic  acids, 

product  of  sodium -carbonic  acid  polymer  .  j...  r 

^  Acetic  acid  could  be  formed  in  the  isomerizanon  of  a  portion 

(20  I 

’’  with  exterior  double  bonds  [5]  and  in  the  decomposition  of 

levulinic  acid  in  an  oxidizing  medium.  We  could  not  calculate  the  acetic  acid  because  the  oxidative  decompose 
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TABLE  3 


Name  of  acid 

Structural  portion 
of  the  polymer 
from  which  the 
acid  was  formed 

Percent  of  the 
carbon  skeleton  of 
the  polymer  in  the 
portion 

Percent  of  combined  dlvinyl  in  po¬ 
sitions  1,4  and  1,2  in  polymers  ob¬ 
tained  at 

polymer  obtained  at 

20* 

1 

50* 

20* 

50* 

1.4 

1,2 

1.4 

1.2 

Levulinic . 

-1.4-1,2-1,4- 

1.2 

3.4 

0.6 

0.6 

1.7 

1.7 

Succinic . 

-1,4-1, 4- 

46.3 

42.4 

46.3 

- 

42.4 

- 

Butan-l,2,4-tri- 

carboxylic  . 

-1,4-1, 2-1,4- 

13.0 

14.2 

6.5 

6.5 

7.1 

7.1 

Propan-l,2,3-tricar- 

-1,4-1,4-wlth 

2.7 

3.0 

2.7 

- 

3.0 

- 

boxylic 

branching  at 

the  a -methyl- 

ene  group* 

Hexan-l,x,y,6- 

-l,4-(-l,2-)j- 

2.8 

0.6 

1.0 

1.8 

0.2 

0.4 

-tetracarboxylic 

-1,4- 

66.0 

63.6 

57.1 

8.9 

54.4 

9.2 

•Also,  propan-1, 2, 3-tricarboxyllc  acid  can  be  formed  from  the  portion  -1,4-1, 2-1.4-  as  an  abnormal 
ozonolysis  product  [5], 


tion  of  the  ozonide  was  carried  out  in  glacial  acetic  acid.  Formic  acid,  formed  in  abnormal  ozonolysis,  was  re 
moved  in  the  distillation  of  the  solvent. 


EXPERIMENTAL 

The  polymerization  of  divinyl  by  metallic  sodium  was  carried  out  in  an  atmosphere  of  dry  carbon  dioxide 
at  20  and  50*.  Dlvinyl  was  obtained  by  reduction  of  tetrabromobutane  (b.p.  118*)  with  zinc  in  an  aqueous  alcohol 
medium,  dried  over  calcium  chloride,  and  distilled  over  sodium.  The  ampules  in  which  the  polymerizations  were 
carried  out  were  carefully  dried.  The  air  was  driven  out  of  them  by  heating  and  they  were  filled  with  dry  carbon 
dioxide.  This  was  repeated  several  times.  The  ampules  were  cooled  to  -50*  and  filled  with  divinyl  into  which 
sodium  was  introduced  in  the  form  of  a  wire  (ITd  of  the  weight  of  divinyl).  All  operations  were  carried  out  in  an 
atmosphere  of  carbon  dioxide  which  was  carefully  freed  from  moisture,  HCl,  and  traces  of  oxygen  [6].  The  poly¬ 
merization  was  carried  out  in  an  air  thermostat.  The  temperature  of  the  thermostat  was  held  to  ±  0.2*.  Polymeriza¬ 
tion  at  20*  lasted  five  months.  The  length  of  the  polymerization  at  50*  was  300  hours.  The  polymerization  was 
characterized  by  a  large  induction  period,  at  the  end  of  which  the  sodium  wire  became  gray  and  increased  in  vo¬ 
lume.  The  transformation  of  the  divinyl  into  the  sodium -carbonic  acid  polymer  occurred  with  a  great  increase  in 
volume.  Polymerization  at  50*  was  accompanied  by  a  greater  increase  in  volume  than  polymerization  at  20*.  In 
the  process  of  this  increase  the  polymer  exerted  great  pressure  on  the  walls  of  the  ampules.  To  remove  traces  of 
sodium,  the  polymer  was  treated  with  alcohol.  After  purification  the  sodium-carbonic  acid  polymer  of  divinyl, 

it  was  a  spongy,  nonelastic,  very  light  product  which  kept  the  form  of  the  sodium  wire. 

In  the  polymer  obtained  at  20*  we  found  C  86.97,  87.17;  H  11.01,  11.11. 

In  the  polymer  obtained  at  50*  we  found  C  86.16,  86.10;  H  11.28,  11.15.  (C4H«)x.  Calculated  "yfe 

C  88.89;  H  11.11. 

Ozonlzation  of  the  sodium -carbonic  acid  polymer  of  divinyl  was  carried  out  in  ethyl  acetate,  using  oxygen 
which  contained  5%  ozone  at  a  rate  of  passage  of  the  gas  dirough  the  apparatus  of  13  liters  per  hour.  The  sodium- 
carbonic  acid  polymer  ozonized  slowly.  A  sample  of  1.5-2  g  was  ozonized  in  20  hours.  We  ozonized  6.75  g  of  the 
20*  polymer  which  contained  5.88  g  of  carbon,  and  5.18  g  of  the  50*  polymer  which  contained  4.46  g  of  carbon. 

The  resulting  ozonides  were  soluble  In  ethyl  acetate.  The  solvent  was  distilled  off  by  passing  dry  air  at  15-10  mm 
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TABLE  4 


Separated  acid  mixture 

Peak  of  volume 

II 

III 

IV 

V 

VI 

VII 

levulinic 

acid 

acetic 

acid 

formic 

acid 

succinic 

acid 

butane  tri¬ 
carboxylic 
acid 

propane 

tricarboxylic 

acid 

Viscous  acid  from  the  ozonolysis 

product  of  the  20*  polymer . 

54 

117 

246 

342 

464 

546 

Mixture  of  expected  acids . 

54 

117 

241 

342 

464 

544 

Viscous  acid  from  ozonolysis  product 

1 

of  the  50*  polymer . 

60 

120 

210 

336 

468 

551 

Mixture  of  expected  acids . 

60 

120 

213 

336 

468 

553 

TABLE  5 


Acids 

Weight  of  acid  (in  mg)  in  the 
ozonolysis  product  of  polymers 
obtained  at 

20* 

50* 

Levulinic . 

94 

189 

Acetic . 

233 

554 

Succinic . 

768 

320 

Butan-1, 2,4 -tricarboxylic . 

1526 

1257 

Propan-1, 2,3 -tricarboxylic . 

395 

233 

Hexan-l,x,y,6-tetracarboxylic . 

294 

50 

and  20*.  The  ozonide  was  a  colorless,  viscous  substance.  Oxidative  decomposition  of  the  ozonide  was  carried  out 
with  acetyl  hydroperoxide  in  a  solution  of  glacial  acetic  acid  cooled  to  0*.  Acetyl  hydroperoxide  was  added  to 
the  ozonide  in  the  following  amounts:  at  first  one  atom  of  active  oxygen  per  double  bond  in  the  sample  of  poly¬ 
mer  used  for  the  ozonolysis,  and  after  a  day  .twice  the  volume  of  hydroperoxide  was  added  and  the  mixture  stood 
for  several  days  until  complete  decomposition  of  the  ozonide  had  occurred.  The  excess  acetylhydroperoxide  was 
decomposed  by  platinum  black  at  25*.  Acetic  acid  was  distilled  from  the  product  of  oxidative  decomposition  of 
the  ozonide  at  10-4  mm  and  30*  to  consunt  weight  of  acid.  The  viscous  acid  was  separated  from  the  crystals  by 
solution  of  the  first  in  diethyl  ether.  After  removal  of  the  ether  we  obtained  6.31  g  of  viscous  and  6.34  g  of 
crystalline  acid  from  the  20*  polymer  and  5.13  g  of  viscous  and  4.23  g  of  crystalline  acid  from  the  50"  polymer. 

In  these  acids  we  found  5.3  g  of  carbon  or  90^  of  the  carbon  skeleton  of  the  20*  polymer,  and  3.9  g  of  carbon  or 
89^  of  the  carbon  skeleton  of  the  50*  polymer.  The  melting  point  of  the  crystalline  acid  was  179-180*.  After 
it  was  recrystallized  from  hot  water  it  melted  at  184-185*.  Mixed  melting  point  with  succinic  acid  (m.p.  184*) 
was  184-185*.  Separation  of  the  acids  was  carried  out  chromatographically  on  MSK  silica  gel,  as  described 
earlier  [3,  7] ,  In  Figs.  1  and  2  we  give  the  chromatograms  of  the  separation  of  the  viscous  acid  from  the  ozono¬ 
lysis  product  of  the  polymers  which  we  studied,  and  the  mixture  of  acids:  levulinic,  acetic,  formic,  succinic, 
butan-l,2,4-tricarboxylic,  and  propan-1,2,3 -tricarboxylic  which  were  earlier  found  in  the  ozonolysis  products  of 
the  spongy  divinyl  polymer.  The  acids  were  identified  by  their  volume  peaks  [8,  9].  In  Table  4  we  give  the 
volume  of  the  peaks  of  the  studied  and  expected  acids. 

The  separations  of  the  viscous  acids  isolated  from  the  ozonolysis  of  the  polymers  studied  were  carried  out 
on  different  columns,  and  so  the  peaks  do  not  entirely  agree. 

From  Figs.  1  and  2  and  Table  4  it  follows  that  in  the  chromatograms  of  the  mixtures  which  were  studied, 
peak  II  corresponds  to  levulinic  acid.  III  to  acetic,  IV  to  formic,  V  to  succinic,  VI  to  butan-l,2,4-tricarboxylic, 
VII  to  propan-1,2,3 -tricarboxylic,  and  VIII  to  hexan-l,x,y,6-tetracarboxylic  acid.*  In  peaks  I  and  IX  the  nature 

•It  was  shown  that  the  acid  washed  from  the  column  by  407i) butanol  was  hexan-l,x,y,6-tetracarboxylic  acid  [7]. 
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of  the  acid  was  not  established.  We  ran  the  separation  of  the  crysulline  acid  under  the  same  conditions.  In  Fig. 

3  we  give  the  chromatogram  for  the  separation  of  the  crystalline  acid  from  the  product  of  ozonolysis  of  the  polymer 
obtained  at  20*.  The  chromatogram  for  the  separation  of  the  crystalline  acid  from  the  ozonolysis  products  of  the 
50*  polymer  was  analogous  to  that  given  in  Fig.  3.  The  crystalline  acid  is  95^  succinic  acid  (peak  V).  There  are 
no  other  acids  in  the  acetic  acid  distilled  from  the  decomposition  products  of  the  ozonide.  From  the  chromatograms 
of  the  viscous  and  crystalline  acids  we  can  calculate  the  amounts  of  each  acid  in  the  ozonolysis  products  from  the 
polymers  studied.  The  results  are  given  in  Table  5. 

Succinic  acid  isolated  from  the  crystalline  acid  made  up  4l7o  of  the  carbon  skeleton  of  the  20*  polymer  and 
39.570  of  the  carbon  skeleton  of  the  50*  polymer. 

The  percent  of  outer  double  bonds  was  calculated  on  the  basis  of  the  amount  of  formic  acid  and  formaldehyde 
in  the  ozonolysis  products  of  the  polymers  studied  [10].  In  sodium -carbonic  acid  polymers  obtained  at  20*  there 
were  2O.I70,  in  the  50*  polymers,  23.67(»of  links  with  outer  double  bonds. 

SUMMARY 

1.  We  have  shown  that  the  stmcture  of  the  sodium -carbonic  acid  polymer  of  divinyl  is  very  close  to  the 
structure  of  the  spongy  polymer  of  divinyl. 

2.  The  chemical  structures  of  the  sodium -carbonic  acid  polymers  obtained  at  20  and  50*  are  practically  the 

same. 
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THE  SYNTHESIS  OF  ALKOXY  DERIVATIVES  OF  DIV  IN  YL  A  GET  YLEN  E 


VII.  THE  DIRECTION  OF  ADDITION  OF  ETHYL  ALCOHOL  TO  DIVINYL  ACETYLENE 
A.  L.  Klebanskil  and  D.  M.  Krasinskaia 


In  a  previous  communication  [1]  it  was  shown  that  different  alcohols  added  in  different  directions  to  divinyl- 
acetylene  under  the  influence  of  sodium  alcoholate  or  alcoholic  solutions  of  sodium  hydroxide  at  the  boiling  point 
of  the  mixtures.  Thus,  methyl  alcohol  added  in  the  1,4-position  (at  60-65*),  ethyl  in  position  1,6  (at  85-95*). 

We  might  expect  that  the  different  directions  of  addition  would  depend  on  the  reaction  temperature  or  the  structure 
of  the  radicals.  In  order  to  explain  the  effect  of  reaction  temperature  on  the  direction  of  addition  of  ethyl  alcohol 
to  divinylacetylene,  in  the  present  work  we  have  studied  its  reaction  under  the  influence  of  sodium  alcoholate  at 
a  lower  temperature  (60*)  corresponding  to  the  reaction  temperature  of  methyl  alcohol.  We  then  found  the  addi¬ 
tion  of  ethyl  alcohol  to  divinylacetylene  occurred  preferably  in  the  1,4-position,  as  for  methyl  alcohol.  The  rate 
of  addition  of  ethyl  alcohol  was  much  less  than  for  methyl  alcohol  at  the  same  temperature.  The  yield  of  ethoxy 
derivative  in  300  hours  was  1479  of  the  starting  hydrocarbon,  and  of  the  methoxy  derivative,  12-137»of  the  starting 
hydrocarbon  in  40-60  hours. 

The  product  of  addition  of  ethyl  alcohol  was  3-ethoxy-l,3,4-hexatriene  (I).  The  structure  of  this  compound 
was  shown  by  ozonization  which  gave  formic,  acetic,  and  oxalic  acids.  Thus,  it  was  shown  that  the  direction  of 
addition  of  ethyl  alcohol  to  divinylacetylene  depended  on  the  reaction  temperature. 

CH2=CH— C=C=CH-CH3  CgHgO— CHa— CH=C=-C=CH— CKa 

I 

OC2H-,  ( )  (It) 

In  order  to  establish  whether  l-ethoxy-2,3,4-hexatriene  (II),  which  corresponds  to  1,6-addition,  obtained  at 
85-95*,  was  an  isomerization  product  of  I  (1,4-addition)  which  was  obtained  at  lower  temperature  (60*),  we  heated 
die  latter  at  100*  for  29  hours  in  the  presence  of  sodium  alcoholate.  The  main  mass  of  the  product  which  was  iso¬ 
lated  had  the  constant  of  the  products  of  1,6-addition,  that  is,  l-ethoxy-2,3,4-hexatriene.  In  ozonolysis  it  formed 
a  mixmre  from  which  we  isolated  the  silver  salts  of  acetic  and  ethoxyacetic  acids  and  traces  of  formic  acid; 
oxalic  acid  was  absent.  These  results  allow  us  to  assume  that  the  primary  direction  of  the  reaction  is  the  addition 
in  the  1,4-position;  the  product  of  this  addition  undergoes  an  allyl  rearrangement  under  the  influence  of  alcoholic 
alkali  at  higher  temperatures  to  a  compound  which  corresponds  to  1,6-addition. 

In  order  to  see  whether  there  is  also  addition  of  methyl  alcohol  to  divinylacetylene  in  the  1,6-position  at 
higher  temperatures,  we  studied  this  reaction  at  100*.  However,  the  increased  temperature  caused  polymerization 
of  the  reaction  products.  Individual  compounds  were  not  isolated.  This  indicates  the  greater  rate  of  polymeriza¬ 
tion  of  methoxy  derivatives  of  divinylacetylene  compared  to  the  corresponding  ethoxy  derivatives. 

The  results  allow  us  to  assume  that  the  primary  direction  of  addition  of  ethyl  alcohol  under  the  influence  of 
sodium  alcoholate  or  alkali  is  in  the  1,4-position.  At  higher  temperatures  there  occurs  an  isomeric  rearrangement 
into  the  1,6-position.  For  the  methoxy  group,  because  of  the  great  rate  of  polymerization  at  higher  temperatures, 
we  cannot  isolate  the  products  of  the  isomeric  rearrangement. 

It  is  possible  that  the  results  on  the  different  directions  of  addition  of  methyl  alcohol  to  vinylacetylene  ob¬ 
tained  by  Carothers  and  co-workers  [2]  by  heating  with  alcoholic  alkali  to  105*,  and  by  I.  A.  Rotenberg  and  M. 

A.  Favorskaia  [3]  at  150*,  are  also  due  to  the  temperature  of  the  reaction. 


2100 


EXPERIMENTAL 


Reaction  of  divinylacetylene  with  ethyl  alcohol  at  60*.  A  mixture  of  78  g  (1  g  mole)  of  divinylacetylene 
(b.p.  29-30  at  100  mm,  d  4  0,7850,  n  D  1.503)  with  a  solution  of  6,55  g  of  sodium  in  187  g  of  anhydrous  alcohol 
was  heated  in  a  flask  with  a  reflux  condenser  for  300  hours  at  60*  in  a  nitrogen  atmosphere.  After  the  heating,  the 
alcoholate  was  decomposed  by  saturating  with  dry  carbon  dioxide.  After  the  sodium  carbonate  had  been  removed, 
the  filtrate  was  distilled.  We  obtained  two  fractions.  The  distillate  from  the  first  fraction  consisted  of  an  alcoholic 
solution  of  divinylacetylene;  the  latter  was  separated  by  salting  out  with  a  sodium  chloride  solution  with  later  dry¬ 
ing  and  redistilling.  We  obtained  33.5  g  of  divinylacetylene;  that  is,  43"^  of  that  taken  at  the  beginning  (b.p. 
30-30.5®  at  100  mm,  n^®D  1.502).  The  products  of  the  2nd  fraction  in  the  amount  of  10.9  g  of  the  weight 
of  hydrocarbon  used)  had  b.p.  40-60®  at  1-2  mm.  The  tarry  residue  in  the  distilling  flask  weighed  19.1  g  (24.5‘)4) 
of  the  weight  of  starting  hydrocarbon.  The  loss,  mostly  of  divinylacetylene,  was  14.4  g  (18.5‘5bof  the  weight  of 
starting  hydrocarbon).  By  repeated  distillation  of  the  2nd  fraction  we  obtained  a  substance: 

B.p.  48-50®  at  1-2  mm,  d*®20  0.8591,  n^®D  1.4665,  MRp  39.94;  calc.  39.386. 

Found  7o:  CjHgO  36.86,  M  122.  CgHjjOfj.  Calculated  7o:  CjHgO  36.3,  M  124. 

Ozonization  of  3-ethoxy-l,3,4-hexatriene  (I).  5.4  g  of  the  above  described  substance  was  dissolved  in  180  ml 
of  dry,  purified  chloroform.  At  —40* oxygen  which  contained  ozone  was  passed  through  the  solution.  The  ozone  con¬ 
centration  was  5.470.  At  the  end  of  the  ozonization  the  chloroform  was  distilled  off  at  30-33*  (1-2  mm).  The  re¬ 
sidue  was  a  glycerol -like,  ligh^yellow  oil.  It  was  treated  with  40  ml  of  a  47o  solution  of  hydrogen  peroxide  for 
15  hours  at  0-20*,  and  then  for  4  hours  at  100*.  Treatment  with  hydrogen  peroxide  was  continued  until  the  reaction 
for  aldehyde  groups  stopped.  The  excess  hydrogen  peroxide  was  decomposed  at  100*  in  the  presence  of  palladium 
black.  After  the  catalyst  had  been  separated,  the  filtrate  was  distilled.  This  gave  a  water  solution  of  volatile 
acids  and  3.3  g  of  thick,  sirupy  liquid  in  the  residue.  In  an  aliquot  portion  of  the  volatile-acid  solution  formic 
acid  was  determined  by  calomel.  The  total  amount  of  calomel, on  conversion  to  the  sum  of  volatile  acids, was 
3.346  g,  which  corresponds  to  0.326  g  of  formic  acid  or  I670  of  the  calculated  amount.  The  low  yield  of  formic 
acid  was  evidently  caused  by  its  decomposition  when  the  solution  was  heated  with  hydrogen  peroxide  and  palladium 
black.  When  the  residue  of  aqueous  solution  of  volatile  acids  was  heated  with  freshly  precipitated  silver  oxide, 

5.56  g  of  silver  salts  formed.  Evaporation  of  the  mother  liquor  from  the  silver  salts  gave  0.5  g  more  salt,  so  that 
the  total  was  6.06  g  (837o).  The  silver  salts  were  studied  gravimetrically. 

Found  70:  Ag  64.20  (from  the  main  mass  of  salts)  and  63.54  (from  the  mother  liquors).  C2H302Ag. 

Calculated  7<»:  Ag  64,26. 

The  thick,  sirupy  liquid  (3.3  g)  remained  after  distillation  of  the  acetic  and  formic  acids  and  gave  a  positive 
reaction  for  oxalic  acid.  The  water  solution  of  this  acid  was  treated  with  activated  charcoal  and  concentrated. 
Crystals  with  m.p.  100.5®  separated.  A  mixed  melting  point  with  oxalic  acid  dihydrate  melted  at  101®.  The  yield 
of  oxalic  acid  calculated  on  the  residue  was  847o. 

Isomerization  of  3-ethoxy-l,3,4-hexatriene.  6  g  of  the  substance  (b.p.  48-50*  at  1-2  mm,  d*®20  0-85  92, 
n^®D  1.4665)  was  heated  29  hours  at  100®  with  a  solution  of  1  g  of  metallic  sodium  in  35  g  of  anhydrous  alcohol. 
After  heating,  the  reaction  mass  was  treated  in  the  same  way  as  in  the  previous  experiment.  Distillation  gave  two 
fractions:  the  1st,  44-45®  at  4-5  mm,  d*®20  0.8626,  n*®D  1.4675,  1.6  g;  the  2nd,  83-84®  at  1-2  mm,  d*®20  0.8607, 
n*®D  1.4670,  1.4  g.  The  tarry,  nonvolatile  residue  in  the  distilling  flask  was  1.5  g. 

Because  of  the  small  quantity  of  product  in  each  fraction,  their  separation  was  not  sufficiently  sharp.  The 
constants  of  the  products  of  the  1st  fraction  correspond  more  to  those  of  l-ethoxy-2,3,4-hexatriene  (b.p.  43-44® 
at  4  mm.  n*®D  1.4685,  d^^jo  0.8628)  than  to  those  of  the  starting  l-ethoxy-l,3.4-hexatriene.  To  establish  the 
structure  of  the  product  which  we  obtained,  we  submitted  1.35  g  of  the  1st  fraction  to  ozonolysis.  The  conditions 
of  the  reaction  and  study  of  the  products  of  decomposition  of  the  ozonide  were  the  same  as  described  above.  The 
water  solution  of  the  acids  gave  a  positive  reaction  for  formic  and  a  negative  reaction  for  oxalic  acid..  The  amount 
of  formic  acid  determined  showed  that  it  was  present  only  as  a  slight  admixture.  Silver  salts  were  obtained  from 
the  acid  solution  as  described  above.  They  could  not  be  separated  by  crystallization. 

Found  7o:  Ag  58.6.  C2H302Ag,  Calculated  7o:  Ag  64.26,  C4H703Ag.  Calculated  7®;  Ag  50.91. 

The  value  found  for  silver  in  the  salts  (58.67®)  corresponds  to  42.57®  ethoxyacetic  and  57.57®  acetic  acid.  The 
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data  of  the  ozonolytii  give  reason  to  suppose  that  the  studied  Isomerization  product  has  the  structure  of  1 -ethoxy - 
-2,3,4-hexatrlene. 

SUMMARY 

1.  We  have  established  that  at  lower  reaction  temperatures  of  dlvlnylacetylene  and  ethyl  alcohol  (60*)  ’ 

there  occurs  preferably  addition  of  alcohol  In  the  1,4-posltlon  instead  of  the  1,6 -position  which  we  found  at  85-95*. 

2.  We  have  shown  that  die  product  of  addition  of  ethyl  alcohol  to  dlvlnylacetylene  in  the  1,4-position 
isomerizes  on  long  heating  in  the  presence  of  sodium  alcoholate  to  give  a  compound  with  physical  properties  close 
to  those  of  the  product  of  addition  in  the  1,6 -position.  This  gives  a  basis  for  supposing  that  the  primary  position 
of  addition  is  the  1,4-position  and  that  this,  as  the  result  of  an  isomeric  rearrangement,  is  transformed  into  the 
1,6-addition  compound. 
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STUDIES  IN  THE  FIELD  OF  POLYMETHYLENE  RINGS 


XXXI.  THE  REACTION  OF  l-CHLORO-l,2-DIBROMOCYCLOHEXANE  WITH  QUINOLINE 
N.  A.  Domnin  and  V.  A.  Cherkasova 


We  showed  earlier  that  in  the  reaction  of  l-chloro-l,2-dibromocylohexane  with  quinoline,  chlorobenzene 
was  formed  [1].  We  then  showed  the  presence  of  chlorobenzene  by  the  nitration  method.  However,  even  at  that 
time  there  were  indications  in  the  literature  that  sometimes  nitrosubstituents  of  benzene  and  its  homologs  could  be 
formed  partly  by  nitration  of  unsaturated  cyclohexane  hydrocarbons  [2].  Later  we  showed  that  in  the  action  of  a 
nitrating  mixture  on  methylcyclohexene  and  methyl- 1,3 -cyclohexa diene  which  did  not  contain  toluene,  2.4-dl- 
nitrotoluene  was  formed  [3],  After  these  findings,  we  were  forced  to  give  up  the  classical  method  of  nitration  as 
a  method  for  showing  the  structure  of  the  aromatic  hydrocarbons  and  their  halogen  derivatives  which  were  formed 
in  these  cases,  if  any  unsaturated  cyclohexenes  or  cyclohexadienes  or  their  halogen  derivatives  could  be  present  as 
contaminants. 

To  study  the  structure  of  the  products  formed  as  a  result  of  the  reactions  connected  with  halogenation  and 
dehalogenation  of  unsaturated  cyclohexane  hydrocarbons  and  polyhalogen  derivatives  of  cyclohexane,  we  used  the 
method  of  absorption  spectroscopy  in  the  ultraviolet  part  of  the  spectrum  since  it  was  fully  reliable  [4].  When  we 
studied  the  reaction  of  l-chloro-l,2-dibromocylohexane  with  quinoline  and  investigated  the  products  of  this  re¬ 
action  by  the  above  mentioned  method,  we  showed,  as  we  had  earlier,  that  the  chief  reaction  product  was  mono¬ 
chlorobenzene  (46%).  However,  we  also  showed  that  along  with  chlorobenzene  there  was  formed  a  considerable  a 
amount  of  benzene  and  a  little  1,3-cyclohexadiene.  This  fact  was  somewhat  unexpected,  but  at  the  same  time, 
very  interesting;  it  did  not  fit  the  theory  or  the  experimentally  based  mechanism  of  our  scheme  of  reaction  of 
linked  halogenation  and  dehalogenation  [5]  and  it  forced  us  to  further  assumptions  which  widened  and  modernized 
this  scheme. 

We  can  give  some  consideration  to  the  mechanism  of  formation  of  benzene.  In  the  reaction  which  we  are 
discussing,  quinoline  hydrobromide  is  certainly  formed,  which,  as  was  shown  for  the  hydriodide  [6]  permits  a  shift 
of  double  bonds.  In  connection  with  this  fact  we  have  assumed  a  scheme  of  formation  of  monobromobenzene  by 
the  action  of  molecular  bromine  on  1,2-dibromo-l-cyclohexene  and  in  the  reaction  of  1,1,2,2-tetrabromocyclohex- 
ane  with  quinoline  [7],  A  similar  scheme  can  explain  the  formation  of  benzene  in  the  reaction  of  l-chloro-1,2- 
-dibromocyclohexane  with  quinoline. 
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CH 

CH 
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Hcl;./CH, 

CH 

CH 

CH 

HCi^^CH 

CH, 

CH, 

^  Hcl^JcH 

H.Cj^'riCCI 

isomer-  , 

HC.|^^|CHCI  - 

CH 

H,C\JcBr 

ization 

Hcl^/CHBr 

CH,  CH, 


Along  with  this,  however,  for  the  formation  of  benzene  in  this  reaction  another  scheme  can  be  given,  if  we 
assume  the  possibility  of  splitting  and  combination  of  hydrogen  bromide. 
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when  we  apply  this  idea  of  the  mechanism  of  benzene  formation  to  the  case  of  simultaneous  formation  of 
1,3-cyclohexadiene,  we  can  offer  the  following  scheme: 


CH, 

CH, 

CH 

HjCi'^^lCC 

H,C|^'y:<^'®^ 

H,Cj^^Cl 

H,C\ 

/CH 

H,C\/CHBr  -HBr 

H,CV  JcHBr 

CH, 

CH^ 

CH, 

CH, 

CH 

CH 

H,C|^  JCHCI 

Hcr^  Vh  hc  i 

r 

H,C\  J/CH 

-HCI  H,C'\j^^CH  -CIBrH,c'y/'CHBr 

dH 

CH, 

CH, 

CH 

CH, 

CH, 

H,C|'^^CI 

H,C|^^|CCIBr 

CH,-^'^CCI 

H,C\  /CHBr 

^^Br 

H,C\/CHBr 

-2Br  H,C\  J^CH 

CH, 

CH, 

CH, 

-«-HBr| 

i+HBr 

CHBr 

CH 

CH, 

h,c,^Vhci 

-HBr 

HjC^Vh 

-HCI  HjC,"'  ^|CHCI 

\ 

H,C\/CHBr 

— CiBr 

H,CV  ^H 

-HBr  H,C\  /CHBr 

CH, 

CH 

CH, 

It  was  shown  that  along  with  chlorobenzene,  benzene,  and  1,3-cyclohexadiene,  there  was  also  formed  1- 
-chloro-1 -cyclohexene  and  2-chloro-l,3-cyclohexadiene.  Their  formation  fits  completely  into  our  scheme  for 
the  reaction  mechanism  of  linked  halogenation  and  dehalogenation  and  can  be  presented  as  follows: 
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We  showed  that  this  unsaturated  monochloride  could  be  converted  by  linked  halogenation  and  dehalogenation 
into  an  aromatic  compound. 


EXPERIMENTAL 

In  a  flask  with  a  dropping  funnel  and  a  reflux  condenser  fitted  with  a  calcium  chloride  tube  was  placed  15  g 
of  l-chloro-l,2-dlbromocyclohexane  and  10  g  of  quinoline.  The  contents  were  heated  on  an  oil  bath.  At  130-135* 
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a  very  violent  reaction  began,  during  which  heating  was  stopped  and  the  flask  was  removed  from  the  bath.  At  the 
end  of  the  violent  reaction,  30  g  of  chlorodibromide  and  20  g  of  quinoline  were  gradually  added  through  the  drop¬ 
ping  funnel  at  such  a  rate  that  it  was  not  necessary  to  apply  heat.  At  the  end  of  the  addition,  when  the  reaction 
had  evidently  stopped,  the  contents  were  heated  on  the  oil  bath  at  140-155*  for  45  minutes,  after  which  the  reaction 
mixture  was  cooled  by  standing.  The  contents  of  the  flask  after  standing  overnight  had  formed  two  layers.  The 
lower  layer  was  a  crystallized  mass  and  the  upper  was  an  almost  colorless  liquid.  The  upper  layer  was  poured  into 

a  Wurtz  flask  and  2  fractions  were  distilled  from  it:  85-135*  (7  g) 
and  135-147*  (5.7  g).  The  residue  in  the  flask,  a  solid  brown  tar, 
was  not  studied.  The  attempt  to  isolate  from  the  85-135*  fraction 
a  more  sharply  boiling  portion  with  a  lower  boiling  point  did  not 
succeed.  From  both  fractions  we  isolated  a  fraction  with  b.p.  132- 
-140* 

The  crystallized  lower  layer  was  heated  to  distill  volatile  pro¬ 
ducts.  We  collected  two  fractions  (distillation  was  accompanied  by 
strong  evolution  of  hydrogen  halides)  boiling  at  83-100"  (2.5  g)  and 
130-140*  (5.45  g).  The  last  fraction  was  combined  with  the  132-140* 
fraction  obtained  in  the  distillation  of  the  upper,  poured-off  layer. 

Total  weight  9.45  g.  Redistillation  of  this  fraction  gave:  1)  0.28  g 
of  a  clear,  mobile  liquid  with  b.p.  85-95*,  n^^'^D  1.4647,  which  was 
energetically  oxidized  by  potassium  permanganate  and  whose  absorp¬ 
tion  band  in  0.017o  alcohol  solution  in  the  ultraviolet  in  character¬ 
istics  and  position  in  the  spectrum  resembled  the  absorption  bands 
of  1,3-cyclopentadiene  (see  Fig.,  Curve  1);  2)  8.4  g  (46%)  of  a 
colorless  liquid  which  boiled  at  132-136*,  1.1058,  n^^'^D  1,5100, 

bromine  number  according  to  Maclllaney  9.07  [8],  M  116.4,  calculated 
for  chlorobenzene  112.50.  For  a  0.01%  alcohol  solution  of  this  fraction 
we  took  an  absorption  spectrum  in  the  ultraviolet  on  an  SF-11  (Fig., 
Curve  3).  7.4  g  of  the  fraction  was  oxidized  by  potassium  permanga¬ 
nate.  However,  the  amount  of  potassium  permanganatecalculated 
for  2-chloro-l,3-cyclohexadiene  was  not  used  up.  After  treatment 
of  the  oxidation  product  we  obtained  0.9  g  of  crystalline  material 
which  boiled  at  149-150.5"  and  gave  no  depression  with  known  adipic 
187-189*  (the  mixture  in  this  case  melted  at  187.5-190"). 

After  a  series  of  distillations  from  the  fraction  83-100*  we  collected  a  portion  boiling  at  78.5-83’'  (l.b  g). 

At  —2*  it  crystallized,  n^*'^D  1.5018,  d^®‘^4  0.8870.  The  bromine  number  according  to  Maclllaney  was  3.7.  The 
content  of  benzene,  calculated  by  the  bromine  number,  was  98.157o(see  Fig.,  Curve  2,  for  0.05%  alcoholic  solution). 

SUMMARY 

1,  By  the  method  of  absorption  spectroscopy  in  the  ultraviolet  we  have  shown  that  in  the  reaction  of  1-chloro- 
-1,2-dibromocyclohexane  with  quinoline,  besides  1-chloro-l-cyclohexene  and  l-chloro-l,3-cyclohexadiene  there 
is  formed  chlorobenzene  (467o),  if  we  consider  that  the  fraction  with  b.p.  132-136*  is  chlorobenzene,  benzene  and 
small  amounts  of  1,3-cyclohexadiene, 

3.  We  have  suggested  a  scheme  for  the  formation  of  benzene  and  1,3-cyclohexadiene  from  l-chloro-1,2- 
-dlbromocyclohexane, 
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STUDIES  IN  THE  FIELD  OF  SARCOMYCIN  AND  ITS  ANALOGS 
II.  SYNTHESIS  OF  SARCOMYCIN  ISOMERS 

M.  M.  Shetniakin,  M.  N.  Kolosov,  M.  G.  Karapetian,  and  V.  la.  Rodionov 


In  our  first  communication  on  the  study  of  the  chemistry  of  the  anticancer  antibiotic  sarcomycin  and  its 
analogs  we  described  the  preparation  of  the  optically  active  dihydrosarcomycin  and  its  stereoisomer  [1].  Continu¬ 
ing  our  studies  in  this  field  we  present  a  study  of  methods  of  synthesis  of  sarcomycin  itself  (I),  In  carrying  out  this 
work,  we  synthesized  an  isomer  of  sarcomycin  (Il)Oin  the  form  of  an  etfiyl  ester),  which  differed  from  sarcomycin 
by  a  different  position  of  the  methylene  group.  This  portion  of  our  study  is  the  subject  of  the  present  paper. 

In  spite  of  the  simplicity  of  the  structure  of  sarcomycin  (I),  the  synthesis  of  the  antibiotic  is  connected  with 
specific  difficulties  because  of  the  ease  of  oxidation  of  the  compound  and  its  great  tendency  to  polymerization 
and  isomerization  [2].  Therefore,  many  methods  which  require  the  use  of  high  temperatures  for  the  reaction,  or 
energetic  reagents  (especially  alkaline  or  acid  media)  cannot  be  used  for  producing  sarcomycin,  whose  character¬ 
istic  group  is  6 -methylene-y  -ketocarboxyl,  and  its  formation  is  possible  only  with  mild  reagents  in  a  limited 
range  of  pH  values  and  at  moderate  temperatures. 

H2C=j - pCOOH  I - y-COOH  X  R3NCH.2-| - pCOOH 

CH2 

(1)  (II)  (111) 

In  this  connection  we  considered  that  one  of  the  most  promising  methods  for  preparing  the  desired  unsaturated 

system  would  be  the  splitting  of  the  quaternary  ammonium  compound  of  the  type  -COCHfCH^NRa)—  ,  since  this 
process  (as  distinct  from  the  ordinary  Hofmann  splitting)  proceeds  only  under  the  influence  of  NaHC03  at  room 
temperature  [3].  In  order  to  test  the  usefulness  of  this  method  for  ketones  of  the  cyclopentane  series  we  carried  out 
a  model  splitting  of  2-(N-piperidylmethyl)-cyclopentanone  methiodide.  We  showed  that  in  this  case  the  splitting 
of  the  tertiary  amine  occurred  under  mild  conditions  (10%KHCO3  solution,  20",  48  hours),  and  led  to  formation  of 
2-methylenecyclopentanone  in  yields  which  reached  40*70.  Therefore  we  can  assume  that  the  analogous  splitting 
of  carboxy  compounds  of  type  III  will  go  under  these  mild  conditions  and  thus  give  a  synthesis  of  sarcomycin  itself 

(I) . 

The  compounds  of  type  III  needed  for  the  preparation  of  sarcomycin  can  be  synthesized  in  different  ways. 

One  of  the  simplest  of  those  which  we  considered  is  the  synthesis  of  these  compounds  from  the  easily  obtained 
cyclopentanone -3 -carboxylic  acid  (IV)  by  direct  introduction  into  position  2  of  a  dialkylaminomethyl  group  by 
the  Mannich  reaction  with  later  treatment  by  alkyl  halides  to  form  the  tertiary  amine.  It  is  true  that  such  a 
scheme  of  synthesis  offers  equal  possibility  of  introduction  of  the  dialkylaminomethyl  residue  into  positions  2  and 
4  of  the  acid  IV,  and  in  the  second  case  this  would  lead  to  the  formation  of  a  structural  isomer  of  sarcomycin  (II). 
Since  in  the  condensation  of  the  ketoacid  IV  with  formaldehyde  and  piperidine  hydrochloride  we  isolated  only 
4-(N-piperidylmethyl)-3 -carboxylic  acid  (V),  this  method  was  shown  to  be  suitable  for  the  synthesis  of  isosarcomycin 

(II)  and  not  for  the  antibiotic  itself  (I). 
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In  carrying  out  the  synthesis  of  isosarcomycin  it  was  necessary  to  consider  that  this  acid,  like  sarcotnycin, 
probably  would  be  an  oil  which  could  not  be  distilled  and  would  not  tend  to  form  crystalline  derivatives.  At  the 
same  time,  it  is  known  [4]  that  the  ester  of  one  acid  of  this  type,  namely  2 -ethylidene-cyclopentanone -3 -carboxylic 
acid,  can  be  purified  by  distillation.  Therefore  the  aminoketoacid  which  we  obtained  (V)  was  first  esterified  and 
only  then  was  the  methiodide  prepared.  The  ethyl  4-(N-piperidylmethyl)-cyclopentanone-3-carboxylate  methio- 
dide  (VI)  [analogous  to  the  2-(N-piperidylmethyl)-cyclopentanone  methiodide  which  we  studied  earlier]  could  be 
easily  split  at  room  temperature  in  the  presence  of  10%  KHCO3  solution  to  give  45%  yield  of  the  ethyl  ester  of 
isosarcomycin  (VII)  which  could  be  purified  by  vacuum  distillation. 


-COOH 


o^\/ 

(IV) 


C»H.,NHC1 

CH,0 


-COOH  1.  CjHsOH  +  HCI 
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2.  CH3I 


CH.NCsHio-HCl 

(V) 


-COOC2H5  KHCOa  r 


o 


ch2NC5H,o  r 
I 

CH3 

(VI) 


o^\/ 

^  II 

CH2 

(VII) 


The  structure  of  this  ester  of  isosarcomycin  was  established  as  follows:  1)  the  presence  in  its  molecule  of 
a  double  bond  was  shown  by  ozonolysis  with  formation  of  formaldehyde;  2)  the  relation  of  the  carbonyl  and 
methylene  groups  to  the  carboxyl  was  shown  by  catalytic  hydrogenation  of  the  compound  to  the  corresponding 
saturated  ketoester  and  its  hydrolysis  to  a  crystalline  metiiylcyclopentanone  carboxylic  acid;  the  latter  was  different 
from  racemic  dihydrosarcomycin,  but  identical  with  4-methylcyclopentanone -3 -carboxylic  acid  especially  syn¬ 
thesized  by  the  following  scheme:  • 


HC(COOEt)2 

EtOOCCH2 - C(COOEt)2 

CH,(COOEt)2-, 

ROOC  cIh,  c,ch«ooe^ 
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\/ 

\/ 

CH 

CH 

CH3 
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CH3 

(VIII) 
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CH3 

(IX) 

Na  EtOOC- 


CH3 

(X) 


^COOEt 

I^COOEt 


H.O+ 
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I 

CH3 

(XI) 


-COOH 


Since  we  showed  that  in  direct  condensation  of  the  ketoacid  IV  with  formaldehyde  and  piperidine  hydro¬ 
chloride  the  dialkylamino  group  enters  position  4,  we  decided  to  protect  this  more  reactive  position  in  the  mole¬ 
cule  by  the  easily  removed  N-methylanilinomethylene  group  so  that  the  condensation  could  be  directed  into  the 
desired  2-position.  The  possibility  of  running  the  Mannich  reaction  with  compounds  of  this  type  was  studied  by 
us  on  2-(N-methylanilinomethylene)-cyclopentanone  (XII).  This  showed  that  introduction  of  the  N-methylanilino- 
methylene  group  in  the  a -position  to  the  keto  group  so  strongly  deactivated  the  carbonyl  group  that  under  the  ordi¬ 
nary  conditions  of  the  Mannich  reaction,  the  starting  compound  only  underwent  hydrolysis  and  then  formed  a  tar, 
and  under  anhydrous  conditions  did  not  change,  but  also  did  not  undergo  condensation. 


•The  4-methylcyclopentanone -3 -carboxylic  acid  described  in  the  literature,  in  distinction  to  the  compound  which 
we  obtained,  is  a  non -crystallizing  oil  [5], 


EtOOC-j - j-COOEt  I - j-COOEt 

oA/  o^\/ 

I 

COOEt 

(XIII)  (XIV) 

We  made  one  other  attempt  to  synthesize  a  compound  of  type  III  by  directed  Introduction  of  the  dialky lamlno- 
methyl  group  into  the  desired  position  in  the  cyclopentanone  ring.  As  is  known,  a -substituted  8-ketoacids  usually 
easily  undergo  the  Mannich  reaction  with  simultaneous  decarboxylation  [6].  Hence  we  hoped  that  if  we  started 
from  3 -cyclopentanone -1,2 -dlcarboxylic  acid,  we  could  introduce  the  dialky laminomethyl  group  in  position  2. 
Therefore  the  diethyl  ester  of  this  acid  (XIII)  [1]  was  saponified  with  1  N  KOH  at  room  temperature  and  then,  under 
ordinary  conditions,  submitted  to  condensation  with  piperidine  hydrochloride  and  formaldehyde.  However,  at  0-30* 
the  reaction  proceeded  especially  slowly  (at  higher  temperatures  there  was  rapid  decarboxylation  of  the  6  -keto- 
acid)  and  no  crystalline  products  could  be  isolated,*  We  should  mention  that  the  analogous  condensation  of  the 
previously  saponified  ketodlester  (XIV)  also  goes  very  sluggishly,  but  in  this  case  it  is  possible  to  isolate  the  amino- 
ketoacid  hydrochloride,  though  in  yields  of  less  than  17o. 

EXPERIMENTAL 

1.  2-(N-piperidylmethyl)-cyclopentanone  methiodide.  To  a  solution  of  48.6  g  (0,22  mole)  of  2-(N-piperi- 
dylmethyl)-cyclopentanone  hydrochloride  [7]  in  100  ml  of  water  was  added  160  ml  of407oK2C03  solution;  the 
base  which  formed  was  extracted  with  ether,  the  extract  dried  with  CHsCCXlK  and  evaporated  in  a  vacuum.  The 
resulting  2-(N;piperidylmethyl)-cyclopentanone,  without  preliminary  distillation  (the  pure  substance  had  b.p.  81* 
at  1  mm,  n*®D  1.4887),  was  dissolved  in  75  ml  of  dry  acetone  and  43.2  g  (0.24  mole)  of  methyl  iodide  was  added 
with  stirring;  the  mixture  was  stirred  for  1.5  hours  more  and  allowed  to  stand  at  20-25*  for  36  hours.  The  precipi¬ 
tate  was  filtered  and  washed  with  acetone  and  ether.  Yield  66.4  g  (92F/o),  m.p.  124-125“  (from  alcohol). 

Found  %:  C  44.40;  H  6.81;  N  4.11;  I  39.48.  CjjHajONI.  Calculated  %  C  44.59;  H  6.86;  N  4,33; 

I  39.27, 

2.  2-Methylene  cyclopentanone,  27.3  g  (0.085  mole)  of  the  methiodide  obtained  in  experiment  1  was  dis¬ 
solved  in  75.5  ml  of  IO70K2CO3  solution  (or  8.87oNaHC03  solution)  and  treated  with  0.1  g  of  hydroquinone  and 
50  ml  of  ether;  ihe  mixture  stood  for  2  days  at  20-25*.  The  ether  layer  was  separated  and  the  water  solution  was 
extracted  with  ether  (twice  with  30  ml).  The  combined  ether  extracts  were  washed  with  0.1  N  H2SO4  and  water, 
dried  with  CH3COOK,  the  ether  distilled  off,  and  the  product  vacuum-distilled  (all  these  operations  were  carried 
out  as  quickly  as  possible).  Yield  3.4  g  (427o):  b.p.  39*  at  7  mm,  n*°D  1.4736  (cf.  [7,  8]). 

3.  4-(N -piperidylmethyl)-cyclopentanone -3 -carboxylic  acid  hydrochloride  (V)  and  the  hydrochloride  of  the 
ethyl  ester  of  this  acid.  A  mixture  of  89  g  (0.7  mole)  of  cyclopentanone -3 -carboxylic  acid  (IV)  (for  its  preparation, 
see  [1]),  42.2  g  (0.35  mole)  of  piperidine  hydrochloride,  and  26.15  g  of  407o  formaldehyde  (0.35  mole  CH2O)  was 
heated  45  minutes  on  the  boiling  water  bath.  When  it  cooled,  the  reaction  mass  was  dissolved  in  20  ml  of  water 
and  the  unreacted  starting  acid  (IV)  was  removed  by  ether  extraction  (44.5  g  of  acid  was  recovered).  The  water 
solution  was  freed  from  contaminants  by  extraction  with  chloroform  (5  times  with  a  total  of  250  ml)  and  evaporated 
to  dryness  in  a  vacuum  at  30-40*.  The  residue  was  dissolved  in  20  ml  of  anhydrous  alcohol,  150  ml  of  dry  acetone 
was  added  and  the  mixture  was  allowed  to  stand  at  -10*  for  2  days.  The  precipitate  of  hydrochloride  was  filtered, 
washed  with  a  mixture  of  alcohol  and  acetone  (1  :  7),  then  with  ether,  and  was  dried  in  a  vacuum  over  H2SO4,  The 
mother  liquor  was  concentrated  in  a  vacuum  and  in  the  manner  described  a  further  amount  of  hydrochloride  was 
obtained.  The  total  yield  of  hydrochloride  (V)  was  53.5  g  (597o).  After  recrystallization  from  anhydrous  alcohol 
the  substance  melted  with  decomposition  at  143-144*. 

Found  7o:  C  55.51;  H  7.39;  N  5.46;  Cl  13.61.  C12H20O3NCI.  Calculated  C  55.06;  H  7.70;  N  5.35; 

Cl  13.55. 

A  suspension  of  9  g  (0,034  mole)  of  the  hydrochloride  V  in  100  ml  of  anhydrous  alcohol  was  saturated  at  0* 

•  The  ester  of  3-cyclopentanone-l,2-dicarboxyllc  acid (XIII) itself  did  not  react  with  formaldehyde  and  piperidine 
hydrochloride  even  under  severe  conditions. 
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with  HCl  (weight  67  g),  upon  which  all  the  precipitate  dissolved.  The  mixture  remained  overnight  at  20-25* 
and  then  was  evaporated  to  dryness  In  a  vacuum  at  30-35*.  The  residue  was  ground  with  acetone,  filtered,  washed 
with  ether,  and  dried.  Yield  of  ethyl4-(N-piperidylmethyl)-cyclopentanone-3-carboxylate  hydrochloride  was  9.3 
g  (93^);  after  recrystallization  from  anhydrous  alcohol,  it  melted  at  142-144*  (decomposition). 

Found  C  57.81;  H  7.88;  N  4.85;  Cl  12.38.  CuH^OsNCl.  Calculated  C  58.02;  H  8.35;  N  4.83; 

Cl  12.24. 

4.  Ethyl  4-(N-plperldylmethyl)-cyclopentanone-3-carboxylate  methiodide  (VI).  A  solution  of  6  g  (0.02 
mole)  of  the  ethyl  ester  hydrochloride  of  V  in  8  ml  of  water  was  shken  with  14  ml  of  50%  solution  of  KjCOs  and 
the  base  which  formed  was  extracted  with  ether  (8  times  with  a  toul  of  200  ml).  The  ether  solution  was  dried  with 
CHsCCXlK  and  evaporated  in  a  vacuum.  The  resulting  e!hyl4-(N-piperidylmethyl)-cyclopentanone-3-carboxylate, 
without  preliminary  distillation  (the  pure  substance  had  a  b.p.  104*  at  0.3  mm,  n^**^D  1.4818)  was  dissolved  in 

11  ml  of  dry  acetone  and  22  ml  of  anhydrous  benzene,  25  g  (0.176  mole)  of  methyl  iodide  was  added,  and  the 
mixture  stood  overnight  at  20-25*.  The  precipitate  was  filtered,  washed  with  ether,  and  dried.  Yield  of  methio¬ 
dide  (VI)  was  7.6  g  (93%);  m.p.  123-125*  (from  anhydrous  alcohol). 

Found  %:  C  45.73;  H  6.41;  N  3.54;  I  32.01.  CisHjgOsNI.  Calculated  %:  C  45.58;  H  6.63;  N  3.54; 

I  32.11. 

5.  Ethyl  4-methylenecyclopentanone-3-carboxylate  (isosarcomycin  ester)  (VII).  (a)  Preparation.  A  solution 
of  5.7  g  (0.015  mole)  of  methiodide  VI  and  11  ml  of  water  was  mixed  with  29  ml  of  a  10%  solution  of  KHCOs 
(0.03  mole),  0.1  g  of  hydroquinone  and  25  ml  of  ether  were  added,  and  the  mixture  was  allowed  to  stand  for  2 
days  at  20-25*.  The  ether  layer  was  separated  and  die  water  solution  further  extracted  with  ether  (twice  with  25 
ml).  The  combined  extracts  were  washed  with  0.1  N  HjSO^  and  then  with  water,  dried  for  15  minutes  with  CHsCCXDK, 
the  ether  was  distilled  off.  and  die  residue  vacuum  distilled.  The  yield  of  ethyl  ester  of  isosarcomycin  (VII)  was 

1.1  g  (45%) ;  b.p.  69*,  at  1  mm,  n*®D  1.4745. 

Found  %:  C  63.85;  H  7.16.  Calculated  %;  C  64.27;  H  7.19. 

(b)  Ozonolysis.  A  solution  of  200  mg  of  the  ethyl  ester  of  isosarcomycin  (VII)  in  10  ml  of  dry  ethyl  acetate 
was  ozonized  at  0*  until  absorption  of  ozone  stopped.  The  mixture  was  poured  into  a  suspension  of  300  mg  of  zinc 
dust  in  10  ml  of  water,  boiled  on  the  water  bath  for  30  minutes  and  filtered  hot  into  a  solution  of  300  mg  of  di- 
medon  in  10  ml  of  alcohol,  after  which  20  ml  of  water  was  added.  We  obtained  80  mg  of  the  dimedon  derivative 
of  formaldehyde  with  m.p.  189-190*. 

(c)  Hydrogenation  and  hydrolysis.  A  solution  of  600  mg  of  the  ethyl  ester  of  isosarcomycin  (VII)  in  25  ml 
of  alcohol  was  hydrogenated  in  the  presence  of  200  mg  of  skeletal  nickel  catalyst  at  normal  pressure  and  room 
temperature  until  absorption  of  H2  stopped  (about  3  hours).  The  filtered  solution  was  evaporated  and  the  residue 
vacuum  distilled.  The  yield  of  ethyl  4-methylcyclopentanone-3-carboxylate  was  470  mg  (77%);  b.p,  63*  at 

1  mm.  n*®D  1.4530,  d*®4  1.052. 

Found  %:  C  63.11;  H  8,79.  Calculated  %:  C  63.51;  H  8.29. 

570  mg  of  the  ethyl  4-methylcyclopentanone-3-carboxylate  was  boiled  for  10  hours  with  10  ml  of  20%  HCl. 
the  solution  decolorized  with  charcoal  and  evaporated  in  a  vacuum.  The  residue  (460  mg)  gradually  crystallized. 
The  crystals  were  pressed  on  a  porous  plate  and  recrystallized  from  ether,  m.p,  56-57.5*.  The  resulting  acid  gave 
a  depression  in  a  mixed  melting  point  with  racemic  dihydrosarcomycin  [1]  but  did  not  give  a  depression  when 
mixed  with  4-methylcyclopentane -3 -carboxylic  acid  (XI)  described  in  experiment  8. 

Found  %:  C  58.60;  H  6.60.  C7H10O,.  Calculated  %:  C  59.14;  H  7.09, 

The  semicarbazone  of  the  isolated  acid  after  recrystallization  from  50%  alcohol  had  m.p.  190-191*  (de¬ 
composition)  and  gave  no  depression  of  melting  point  with  the  semicarbazone  obtained  in  experiment  8. 

Found  %:  C  48.31;  H  6.47;  N  20.90.  CjHuOjNj.  Calculated  %:  C  48.23;  H  6.58;  N  21.10. 

6.  Tetraester  of  pentane-1, 2, 2, 4-tetracarboxylic  acid  (IX).  To  the  sodium  derivative  obtained  from  347  g 
(1.32  mole)  of  diediyl  3-carbomethoxybutane-l,l-dlcarboxylate  (VIII)  [9]  and  30.4  g  (1.32  g-at.)  of  sodium  in 
400  ml  of  anhydrous  alcohol  175  g  (1.43  mole)  of  ethyl  chloroacetate  was  slowly  added  with  cooling.  The  re¬ 
action  mixture  was  boiled  for  1  hour,  poured  into  2  liters  of  water,  and  extracted  with  etfier.  The  ether  extract 
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was  washed  with  a  saturated  solution  of  NaHCO,.  with  water,  and  dried  with  CaCl*.  After  vacuum  distillation  the 
yield  of  tetraester  (IX)  was  235  g  (51*7i>);  b.p,  132-134*  at  1.5  mm.  The  resulting  ester  was  not  entirely  Individual, 
because  of  partial  transesterification  of  the  carbomethoxy  group  during  esterification.  However,  for  the  next  step 
in  the  synthesis  the  substance  was  not  further  purified. 

7.  Triethyl  4-methylcyclopentanone-l.l,2-tricarboxylate  (X).  A  mixture  of  13.8  g  (0.6  g-atom)  of  powdery 
sodium,  200  ml  of  anhydrous  benzene  ,  2  ml  of  anhydrous  alcohol,  and  138  g  (0.4  mole)  of  the  tetraester  IX  were 
heated  with  stirring  until  a  violent  reaction  began  (about  70*).  at  which  time  the  reaction  mass  had  to  be  cooled. 
Then  it  was  stirred  for  3  hours  at  95-100*,  cooled,  diluted  with  200  ml  of  water  and  poured  into  a  stirred  mixture 
of  150  ml  of  concentrated  HCl  and  300  g  of  ice.  The  upper  layer  was  separated,  washed  with  a  saturated  solution 

of  NaHC03  and  with  water,  dried  over  CaC^,  and  evaporated.  The  residue  was  diluted  with  ether,  quickly  extracted 
twice  with  600  ml  of  5%NaOH  solution,  cooled  to  0*,  and  the  alkaline  extract  was  quickly  acidified  with  concen¬ 
trated  HCl,  and  the  oil  which  precipitated  was  removed  with  ether.  The  ether  solution  was  washed  with  a  saturated 
solution  of  NaHC03.  with  water,  and  was  dried  over  CaClj.  The  yield  of  ketoester  X  was  89  g  (71%);  b.p.  126* 
at  0.2  mm,  n^^'®D  1.4600. 

Found  %:  C  57.12;  H  6.93.  CigHjjOy.  Calculated  %:  C  57.31;  H  7.06. 

8.  4-Methylcylopentanone-3-carboxylic  acid  (XI).  89  g  (0.28  mole)  of  ketoester  X  was  boiled  for  30  hours 
with  450  ml  of  207o  HCl,  the  solution  was  decolorized  with  charcoal,  evaporated  in  a  vacuum,  and  the  residue 
distilled.  Yield  of  XI  35  g  (877o);  b.p.  112-113*  at  1  mm.  The  substance  gradually  crystallized,  m.p.  57.5-59.5* 
(from  ether). 

Found  7o:  C  58.75;  H  7.00.  C7H10O3.  Calculated  7o:  C  59.14;  H  7.09. 

The  semicarbazone  of  acid  XI  was  recrystallized  from  50%  alcohol;  m.p.  193-194*  (decomposition)  (cf.[5]). 

Found  7«  C  48.65;  H  6.51;  N  21.25,  C8H13O3N3.  Calculated  C  48,23;  H  6.58;  N  21.10. 

9.  Ethyl  4-methylcyclopentanone-3-carboxylate.  15  g  (0,11  mole)  of  acid  XI  was  boiled  for  14  hours  with 
150  ml  of  anhydrous  alcohol  and  15  ml  of  concentrated  H2SO4.  The  reaction  mass  was  poured  into  500  ml  of  water 
and  extracted  with  ether.  The  extract  was  washed  with  2  N  Na2C03  solution,  with  water,  and  was  dried  over  CaCli. 
Yield  13.1  g  (737o);  b.p.  65*  at  1  mm.  n*®D  1.4500,  d*®4  1.057. 

Found  7«  C  63,32;  H  8.05.  C9H14O3.  Calculated  %:  C  63.51;  H  8,29. 

10.  2-(N-Methylanilinomethylene)-cyclopentanone  (XII).  (a)  Preparation.  A  mixture  of  14.5  g  (0.13  mole) 

of  2-oxymethylenecyclopentanone  [10],  17,2  g  (0.16  mole)  of  methylaniline,  and  75  ml  of  anhydrous  benzene 
were  boiled  with  a  Dean  and  Stark  tube  until  water  was  no  longer  formed  (about  1  hour).  A  precipitate  separated 

from  the  reaction  mixture  when  it  was  cooled;  after  concentrationof  the  mother  liquor  a  further  amount  of  the 

substance  was  obtained.  Yield  23,2  g  (897o);  m.p.  107-109*  (from  407©  alcohol). 

Found  7©:  C  77.70;  H  7.64;  N  6.98.  C13H15QN.  Calculated  %:  C  77.58;  H  7.51;  N  6.96. 

(b)  Attempts  to  Introduce  the  N -piperidylmethyl  group.  A  mixture  of  5  g  of  2-(N-methylanilinomethylene)- 
-cylopentanone  (XII),  3.2  g  of  piperidine  hydrochloride,  2  g  of  407©  formaldehyde  solution,  and  20  ml  of  alcohol 
were  heated  10  hours  on  a  boiling  water  bath,  and  the  strongly  resinified  reaction  mass  was  then  evaporated  in  a 
vacuum.  Methylaniline  was  found  in  the  distillate  (identified  as  the  acetyl  derivative),  and  piperidine  hydrochloride 
was  isolated  from  the  residue;  no  crystalline  condensation  product  was  found. 

A  mixture  of  2  g  of  2-(N-methylanilinomethylene)-cyclopentanone  (XII)  0.85  g  of  piperidine,  0.45  g  of 
paraformaldehyde,  and  20  ml  of  anhydrous  benzene  were  heated  in  a  sealed  tube  at  100*  for  21  hours,  after  which 
the  reaction  mixture  was  evaporated  dry  in  a  vacuum;  only  the  starting  compounds  were  isolated  from  the  residue, 

SUMMARY 

We  have  carried  out  the  synthesis  of  an  isomer  of  the  anti-cancer  antibiotic,  sarcomycin.  This  isomer, 
called  isosarcomycin,  differs  from  the  antibiotic  in  the  position  of  the  methylene  group  in  die  ring.  Isosarcomycin 
has  been  obtained  in  the  form  of  the  ethyl  ester,  starting  from  cyclopentanone -3 -carboxylic  acid;  condensation  of 
the  latter  with  formaldehyde  and  piperidine  and  then  esterification  and  formation  of  the  methiodide  from  the  re¬ 
sulting  compound  led  to  the  corresponding  quaternary  ammonium  salt  which  split  to  synthesize  the  isosarcomycin 
ester. 
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STUDIES  IN  THE  FIELD  OF  COMPOUNDS  WHICH  CONTAIN  T  HR  E  E -M  E  M  B  E  R  ED 

OXYGEN  RINGS 

XXII.  THE  REACTION  OF  GLYCIDIC  ACID  ESTERS  WITH  a-  AND  6 -NAPHTHYL  A  MINES 
V.  F.  Martynov  and  N.  P.  Sukhinin 


In  a  series  of  previous  studies  [1-3]  it  was  established  that  esters  of  8 -monoalkyl  and  6 -dialkylglycidic  acids 
in  reaction  with  aromatic  amines  of  the  aniline  series  opened  the  oxide  ring  on  the  side  of  the  8 -carbon  atom.  This 
work  showed  from  a  number  of  investigations  the  influence  of  steric  hindrance,  perhaps  arising  during  the  reaction, 
on  the  position  at  which  the  ring  opened. 

As  the  objects  of  study  we  used  ethyl  esters  of  the  following  glycidic  acids:  8 -propyl,  8,8 -dimethyl,  8- 
-methyl,  8 -ethyl,  8,8 -tetramethylene,  and  8 .8 -pentamethyleneglycidic  acids.  As  this  list  shows,  all  the  glycidic 
acid  esters  have  substituents  in  the  8 -position  which  differ  in  size.  We  chose  the  aromatic  amines  so  that  they 
would  have  the  greatest  possible  difference  frorri  each  other  in  filling  the  space  around  the  amino  group,  but  at  the 
same  time,  so  that  there  would  be  the  least  reactivity  in  the  reaction  of  addition.  The  closest  approach  to  this 
goal,  it  seemed  to  us,  occurredwith  a-  and  8 -naphthylamine. 

The  reaction  of  a-  and  8 -naphthylamines  with  ethyl  esters  of  glycidic  acids  took  place  in  sealed  glass  tubes 
at  150-180*.  When  we  opened  the  tubes,  we  almost  always  found  some  pressure.  The  clearest  results  in  the  reac¬ 
tion  with  8 -naphthylamine  were  obtained  for  the  ethyl  ester  of  8 ,6 -dimethylglycidic  acid.  The  starting  substances 
were  taken  in  molar  ratio  to  each  other.  They  were  heated  at  170-180“  for  10  hours.  At  the  end  of  the  reaction 
we  found  almost  complete  disappearance  of  the  8  -naphthylamine,  and  the  reaction  mixture  had  become  very 
viscous.  Analysis  of  the  resulting  substance  for  nitrogen  showed  that  we  had  obtained  the  product  of  addition  of 
6 -naphthylamine  to  the  oxide  ring  of  glycidic  acid.  In  the  reaction  of  8 -naphthylamine  with  the  ethyl  ester  of 
8 -propylglycidic  acid  (the  reaction  mixture  was  heated  at  150-160*  for  6  hours)  we  obtained  a  crystalline  product 
whose  analysis  showed  that  in  this  case  there  was  not  only  addition  of  8 -naphthylamine  to  the  oxide  ring  but  at  the 
same  time,  substitution  of  the  ester  group  on  the  8 -naphthylamine.  Thus,  it  appears  that  the  reactivities  of  the 
oxide  ring  and  the  ester  group  in  respect  to  8  -naphthylamine  in  the  ethyl  ester  of  8  -propylglycidic  acid  are  almost 
the  same. 

Exactly  the  same  effect  of  substitution  of  the  ester  groups  on  naphthylamines  were  found  in  the  reaction  of 
8 -naphthylamine  with  the  ethyl  esters  of  8 -methyl,  8 -ethyl,  and  8 ,8 -pentamethyleneglycidic  acids.  For  these 
cases  we  did  not  succeed  in  isolating  the  products  of  reaction  with  one  molecule  of  8 -naphthylamine.  It  is  inter¬ 
esting  in  this  connection  to  observe  that  our  earlier  studies  on  the  reaction  of  ethyl  8,8 -tetramethyleneglycidate 
with  8 -nafJhithylamine  led  to  products  of  addition  of  only  one  molecule  of  naphthylamine  on  the  oxide  ring  [4], 

When  we  studied  the  reaction  of  the  glycidates  with  a -naphthylamine  the  clearest  results  were  also  obtained 
with  the  ethyl  ester  of  8,8 -dimethylglycidic  acid.  In  this  case  we  succeeded  in  isolating  the  reaction  product  in 
a  32*70  yield.  The  substance  was  a  very  viscous  yellowish  liquid  which  did  not  crystallize  even  on  long  standing. 
The  analysis  for  nitrogen  and  the  observed  molecular  refraction  showed  that  addition  occurred  on  the  oxide  ring. 
Exactly  the  same  addition  of  a-naphthylamine  to  the  oxide  ring  occurred  in  the  reaction  with  ethyl  8,8 -tetra¬ 
methyleneglycidate.  In  this  case  the  reaction  product  was  isolated  with  a  yield  of  24%  in  the  form  of  a  hydro¬ 
chloride.  As  to  the  addition  of  a-naphthylamine  to  ethyl  8 -propylglycidate,  probably,  in  this  case  abo,the  re¬ 
action  occurred  in  two  directions:  there  was  addition  to  the  oxide  ring  and  simultaneous  substitution  of  the  ester 
group.  This  was  shown  by  the  increased  results  of  the  analysis  for  nitrogen  of  the  product  obtained  after  one  vacuum 


2113 


distillation.  Therefore  the  yellowish,  viscous  reaction  product  was  redistilled  four  times  in  a  vacuum  and  we  suc¬ 
ceeded  in  obtaining  a  product,  which,  as  the  nitrogen  analysis  showed,  was  the  result  of  addition  of  one  molecule 
of  a-naphthylamine  to  the  oxide  ring  of  the  glycidate. 

Thus,  our  experiments  showed  that  the  reactivity  of  a  -  and  fl-naphthy  la  mines  differ:  6 -naphthylamine 
reacted  more  easily  with  the  ethyl  glycidates  than  a -naphthylamine;  in  the  reaction  of  6 -naphthylamine  with 
the  glycidates  the  acid  not  only  forms  products  of  addition  on  the  oxide  ring,  but  also  substitutes  the  ester  group 
on  the  naplithylamine.  which  is  shown  to  a  lesser  extent  in  ot -naphthylamine.  This  difference  in  the  behavior  of 
these  amines  can  probably  be  explained  by  steric  hindrance  which  will  be  stronger  in  die  reaction  of  ot-naphthyl- 
atnine,  and  also  by  differences  in  the  basicity  of  these  amines.  Evidently,  the  basicity  of  ot-naphthylamine  will 
be  less  than  that  of  6  -naphthylamine  because  the  ability  to  open  the  ring  and  to  substitute  the  ester  groups  is  more 
strongly  expressed  in  0  -naphthylamine. 

To  show  the  structure  of  the  products  obtained  by  addition  we  used  the  method  consisting  of  their  transforma¬ 
tion  under  the  action  of  sulfuric  acid  to  the  corresponding  indoles  [1-4]. 

When  we  heated  the  addition  product  of  6 -naphthylamine  with  ethyl  0,0 -dimethylglycidate  with  concentrated 
sulfuric  acid  at  110-120*  we  found  a  strong  evolution  of  bubbles  of  carbon  monoxide,  with  only  slight  darkening  of 
the  reaction  mixture;  tarring  did  not  occur.  This  alone  showed  that  0 -naphthylamine  added  to  the  0 -carbon  atom 
of  the  ester.  As  a  result  of  this  reaction  we  should  obtain  the  corresponding  indole,  whose  formation  could  be  ex¬ 
pressed  in  the  following  way: 


CH3V  CH3'v 

\C-CHOH-COOC2H5  — *-  >C-CHOH-COOH 

CH3/1  CH3/1 

NHCJ0H7-P  NHC,oH7-P 

(I) 


H,S0» 


+  HjO 


However,  when  we  poured  the  reaction  mixture  on  ice  we  did  not  find  formation  of  a  solid  precipitate,  as 
could  be  expected,  since  the  resulting  benzindole  should  not  be  soluble  in  water.  Instead  there  was  formed  a  small 
amount  of  an  oily  substance  with  a  green  color,  which  was  a  sulfonated  derivative  of  benzindole.  A  water  solution 
of  this  was  treated  with  barium  carbonate;  the  barium  sulfate  which  formed  and  the  unreacted  barium  carbonate 
were  filtered  off,  and  the  filtrate  was  evaporated  to  small  volume.  After  sometime,  glittering  needles  of  the 
barium  salt  of  the  sulfobenzindole  separated. 

On  the  basis  of  these  results,  we  can  definitely  say  that  in  the  reaction  of  0 -naphthylamine  with  ethyl  0,0- 
-dimethylglycidate  the  oxide  ring  is  opened  on  the  side  of  the  0  -carbon  atom,  and  as  a  result  there  is  obtained 
the  ethyl  ester  of  a -hydroxy -0 -(6  -naphthylamino)-isovaleric  acid  (I). 

When  the  acid  product  obtained  by  reaction  of  ethyl  0,0 -dimethylglycidate  with  «  -naphthylamine  is  treated 
with  concentrated  sulfuric  acid,  an  entirely  different  result  is  obtained.  When  it  is  heated  to  120*  there  is  very 
rapid  tarring  with  formation  of  a  thick  precipitate  and  a  sharp  odor  of  SOj,  which  shows  a  deep  decomposition  of 
the  product  being  studied.  Such  a  result  can  be  explained  only  by  the  fact  that,  as  a  result  of  reaction  of  ct-paphthyl- 
amine  with  glycidates,  the  oxide  ring  is  opened  on  the  side  of  the  ct -carbon  atom  with  formation  of  the  ethyl  ester 
of  a-(a-naphthylamino)-0 -hydroxyisovaleric  acid  (II).  In  this  case,  when  concentrated  sulfuric  acid  acts,  there 
can  really  be  tarring,  because  splitting  out  of  a  molecule  of  water  occurs,  with  formation  of  an  unsaturated  amino- 
acid,  which  under  the  reaction  conditions  should  give  a  tarry  product.  We  found  such  tarring  in  the  treatment  by 
sulfuric  acid  of  the  product  of  addition  of  aromatic  amines  to  esters  of  0 -arylglycidic  acids,  which  showed  that 
they  had  the  structure  of  a  -arylamino-0-hydroxyacids  [5].  However,  the  evolution  of  some  quantity  of  gas  led 
us  to  the  opinion  that  there  might  have  been  present  in  the  starting  product  another  isomer  with  a  hydroxyl  group 
in  the  a -position.  In  this  connection  we  raised  the  question  of  determining  the  percent  content  of  isomers  in  the 
starting  product.  For  a  solution  of  this  problem  we  used  different  ratios  of  both  isomers  to  cconcentrated  sulfuric 
acid. 
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From  a  consideration  of  the  structures  of  both  possible  isomers,  I  and  11,  it  is  clear  that  when  sulfuric  acid 
acts,  only  one  of  them,  with  the  hydroxyl  group  in  the  a -position,  will  be  decomposed  with  evolution  of  carbon 
monoxide.  Hence,  a  determination  of  carbon  monoxide  permits  us  to  estimate  the  amount  of  the  isomer  in  the 
starting  product. 

For  quantitative  determination  of  carbon  monoxide  we  used  the  method  applied  in  the  analysis  of  fatty  acids 
[6]  with  only  the  difference  that  the  reaction  mixture  was  heated  not  on  the  open  flame,  but  in  a  sulfuric  acid  bath 
at  120*. 

We  must  say  that  we  had  already  hoped  to  use  such  a  method  to  show  the  structure  of  the  products  obtained 
in  the  reaction  of  aniline  with  the  ethyl  ether  of  0 -methyl -6 -ethylglycidic  acid  [3].  Analysis  showed  that  the  re- 
iction  went  only  in  one  direction  toward  formation  of  ct-hydroxy-6 -amino  acid.  For  a  supplementary  test  of  this 
method,  we  studied  product  (I)  for  which  transformation  into  benzindole  established  the  structure  as  ethyl  ot-hydroxy- 
-0 -(0 -naphthylamino)-lsovalerate.  Quantitative  determination  of  carbon  monoxide  showed  that  the  reaction  went 
lOO^o  in  one  direction. 

When  the  addition  product  of  o( -naphthylamine  to  ethyl  0,0  -dimethylglycidate  was  treated  with  concentrated 
sulfuric  acid,  only  687oof  the  total  possible  carbon  monoxide  was  evolved.  Hence  we  can  conclude  that  the  missing 
32%  CO  belongs  to  the  second  Isomer  which  is  present.  Thus,  the  reaction  in  this  case  proceeds  in  both  possible 
directions 


CHg. 

^  ^C-CHOH-COOCzHg 
ch/  I 

CHg.  NHCioH,-! 

>C— CH-COOCzHb-hHzNCioH,--*  d) 

CHo/  \  / 

CHg. 

>C — CH-COOCjHb 

CHg/  I  I 

OH  NHCioH7-a 
(II) 

When  the  product  of  addition  of  a-naphthylamine  and  ethyl  0,0 -tetramethyleneglycidate  is  mixed  with 
sulfuric  acid,  we  find  heavy  tar  formation,  appearance  of  a  carbonaceous  residue,  and  strong  odor  of  SOj.  It  is 
important  to  remember  that  we  earlier  studied  the  reaction  of  ethyl  0,0 -tetramethyleneglycidate  with  0 -naphthyl 
amine  and  found  that  the  reaction  product  with  sulfuric  acid  gave  the  corresponding  benzindole  without  any  tarring 

[4]. 

Hence,  the  reaction  of  ethyl  0,0 -tetramethyleneglycidate  with  ct -naphthylamine  also  goesin  two  directions 
with  formation  of  the  ethyl  ester  of  a -hydroxy-0 -(0 -naphthylamlno)-0,0 -tetramethylenepropionic  acid  (III)  and 
the  ethyl  ester  of  a-(0  -najiithylamino)-0 -hydrbxy-0,0 -tetramethylenepropionic  acid  (IV).  Quantitative  de¬ 
termination  of  carbon  monoxide  shows  that  only  75%  of  the  theoretically  possible  CO  is  evolved. 


CH-COOCzHg  -»-  HzNCioH,-® 


I  \pCHOH-COOC2H5 
^NHC,nH7-ot 

(III) 


-COOCjHs 


NHC,„H7-oi 


(IV) 


The  addition  product  of  a  -naphthylamine  to  ethyl  0  -propylglycidate  teacts  with  sulfuric  acid  and  under¬ 
goes  almost  the  same  tarring,  which  positively  indicates  that  in  this  case  both  possible  isomers  are  formed.  However, 
unfortunately,  because  of  lack  of  material,  we  could  not  determine  the  carbon  monoxide  quantitatively. 

Thus,  our  investigations  have  shown  that  the  opening  of  the  oxide  ring  in  0-mono-  and  dialkyl  substituted 
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glycidates  under  the  action  of  aromatic  amines  can  proceed  not  only  on  the  fi  but  also  on  the  carbon  atom  of 
the  a -side.  The  latter  reaction  occurs  when  there  is  considerable  steric  hindrance  in  the  attack  on  the  fl -carbon 
atom. 

As  to  the  products  formed  in  die  reaction  of  6-naphthylamine  with  ethyl  esters  of  B -propyl-,  6 -methyl, 
fl -ethyl,  and  flj3  -pentamethylene  glycidic  acids,  here  there  occurs  not  only  addition  of  fl -naj^thylamine  to  the 
oxide  ring  but  simultaneous  substitution  of  the  ester  group  on  the  naphthylamine.  Such  compounds,  as  we  have 
shown,  are  very  stable  to  sulfuric  acid  [7,  8]  and  splitting  of  carbon  monoxide  in  this  case  occurs  at  very  high 
temperatures,  at  which  the  rest  of  the  molecule  begins  to  decompose.  Therefore  we  did  not  mn  special  experi¬ 
ments  to  determine  their  structures.  However,  our  earlier  studies  showed  that  aniline  and  p-toluidine  added  to 
the  fl  -carbon  atom  of  these  glycidates  [1,  2,  9].  One  of  the  preceding  experiments  [4]  and  this  work  show  that 
aniline  and  fl  -naphthylamine  have  about  die  same  activity  with  respect  to  the  glycidates  and  both  add  to  the  fl  - 
atom.  In  this  connection,  we  ate  fully  justified  in  ascribing  to  the  reaction  product  of  fl -naphthylamine  with 
these  esters  the  formula  of  naphthylamides  of  a -hydroxy -fl -amino  acids,  namely:  o  -hydroxy -fl -(fl -naphthyl - 
amino)-caproic  acid  naphthylamide  (V),  a -hydroxy-fl -(fl -naphthylamino)-(fl -methyl)-valeric  acid  naphthyl- 
amide  (VI),  and  a-hydroxy-fl -(fl -naphthylamino)-fl,fl -pentamethylenepropionic  acid  naphthylamide  (VII). 


CH 

CH 


n.-C3H7-CH-CHOH-CONHC,oH7-p 

I 

NHC,oH7-P  (V) 

’^C-CHOH-CONHCioHt-P  /  ^C-CHOH-CONHC,oH7-P 


NHCjoHt-P 


(VI) 


NHC,oH7-P 


(VII) 


EXPERIMENTAL 

Reaction  of  ethyl  fl ,  fl -dimethylglycidate  with  fl -naphthylamine.  A  mixture  consisting  of  18  g  of  ethyl 
fl.fl-dimethylglycidate,  18  g  of  fl -naphthylamine  and  a  small  amount  of  anhydrous  alcohol  was  heated  in  a  sealed 
tube  for  10  hours  at  170-180*.  The  contents  of  the  tube  became  brown  and  viscous  as  a  result  of  heating;  some 
pressure  was  present  when  the  tube  was  opened.  After  vacuum  distillation  (1  mm)  we  obtained  a  yellowish,  very 
viscous  liquid  which  crystallized  after  some  time.  After  recrystallization  from  ligroin,  the  substance  melted  at 
71-72*.  The  yield  was  20  g  (54%). 

Found  %:  N  4.90.  C17H21O3N.  Calculated  %:  N  4.87. 

To  determine  carbon  monoxide  we  used  the  method  described  in  the  literature  [6].  The  reaction  mixture 
was  heated  to  120*  on  a  sulfuric  acid  bath  with  constant  stirring  by  a  mechanical  stirrer;  the  reaction  mixture 
then  became  only  slightly  colored.  Heating  was  continued  until  evolution  of  bubbles  of  carbon  monoxide  com¬ 
pletely  stopped;  the  gas  was  collected  over  50%KOH. 

Found  %:  CO  9.80.  CitHhOjN.  Calculated  %:  CO  9.76. 

Conversion  of  ethyl  o-hydroxy-B -(6 -naphthylamino)-isocaproate  into  the  barium  salt  of  2,3-dimethyl- 
sulfobenzindole.  1  g  of  ethyl  a-hydroxy-fl -(fl -naphthylamino)-isovaleric  acid  was  mixed  with  4  ml  of  con- 
centrated  sulfuric  acid.  When  the  mixture  was  heated  and  stirred,  the  components  dissolved  and  at  95*  evolution 
of  carbon  monoxide  began;  this  became  very  Intense  at  110-120*.  At  the  end  of  gas  evolution,  the  brownish 
liquid  was  poured  onto  ice  and  the  green,  oily  product  which  separated  dissolved  when  water  was  added.  The  sul¬ 
furic  acid  was  neutralized  by  BaCOs.  The  precipitate  of  barium  sulfate  and  excess  barium  carbonate  was  filtered 
off,  the  filtrate  was  evaporated  to  small  volume.  When  die  filtrate  was  cooled,  needle-llke  crystals  of  the  barium 
salt  of  sulfobenzindole  separated.  They  were  filtered,  dried,  and  kept  at  110-115*  to  constant  weight;  the  crystals 
then  changed  to  an  amorj^ous  powder  and  lost  weight  corresponding  to  9  molecules  of  water  of  crystallization. 

We  obtained  0.3  g  (25%). 

Found  %:  N  4.15;  Ba  19.8.  CnHwOjNiSiBa.  Calculated  %:  N  4.1;  Ba  20.0. 

The  reaction  of  ethyl  fl.fl-dimethylglycidate  with  a -naphthylamine.  A  mixture  consisting  of  15.5  g  of  ethyl 
fl.fl-dimethylglycidate,  15.4  g  of  o -naphthylamine,  and  a  small  amount  of  anhydrous  alcohol  was  heated  in  a 
sealed  tube  for  10  hours  at  170-180*.  The  reaction  mixture  became  yellow  and  very  viscous.  After  2  vacuum 


2116 


distillations  weobtained  10  g  (32%)  of  a  yellow,  viscous  liquid  which  did  not  crystallize  even  on  long  standing. 

B.  p.  164*  (0.5  mm)  n*®D  1.591,  d*®4  1.140,  MRjj  84.589;  calc.  80.762. 

Found  N  4.95.  CjtHuOjN.  Calculated  %;  N  4.87. 

Carbon  monoxide  was  determined  by  the  above  method.  When  the  substance  was  mixed  widi  concentrated 
sulfuric  acid,  much  tar  was  found  even  with  slight  heating. 

Found  7o;  CO  6.62.  C17H21O3N.  Calculated  %;  CO  9.75. 

Reaction  of  ethyl  B,B -tetramethyleneglycldate  with  a-naphthylamine.  A  mixture  consisting  of  17  g  of 
ethyl  8, fi -tetramethyleneglycldate,  14  g  of  ct-naphthylamine,  and  a  small  amount  of  anhydrous  alcohol  was 
heated  in  a  sealed  tube  for  10  hours  at  170-180*.  The  reaction  mixture  became  brown  and  very  viscous.  The  un¬ 
reacted  starting  product  was  distilled  off  in  a  vacuum  and  the  residue  in  the  flask  was  dissolved  in  anhydrous  alcohol 
and  a  stream  of  dry  HCl  was  passed  through  the  solution.  The  hydrochloride  which  precipitated  was  filtered  on  a 
Buchner  funnel  and  washed  with  absolute  ether.  Yield  8.4  g  (24%). 

Found  %;  N4.10.  C19H24O3NCI.  Calculated  %:  N  4.00. 

In  the  quantitative  determination  of  carbon  monoxide  when  the  substance  reacted  with  concentrated  sulfuric 
acid,  much  tar  was  formed. 

Found  %;  CO  6.  C19H24O3NCI.  Calculated  %;  CO  8.02. 

Reaction  of  ethyl  6 -propylglycidate  with  «-naphthylamine.  10.7  g  of  ethyl  6-propylglycldate,  10  g  of 
a-napthylamine  and  a  small  amount  of  anhydrous  alcohol  were  heated  in  a  sealed  tube  for  6  hours  at  160-170*. 
After  four  vacuum  distillations  we  obtained  a  viscous,  yellowish  liquid  (b.p.  174-176*  at  0.5  mm)  in  the  amount 
of  3  g,  n*®D  1.5948. 

Found  7o:  N  4.73.  C18H23O3N.  Calculated  %:  N  4.70. 

In  the  attempt  to  obtain  the  corresponding  indole  by  treatment  of  the  product  with  concentrated  sulfuric 
acid,  we  found  tar  formation. 

Reaction  of  ethyl -6 -propylglycidate  with  0 -naphthylamine.  10  g  of  ethyl  6-propylglycldate,  10  g  of  0- 
-naphthylamine,  and  a  small  amount  of  anhydrous  alcohol  were  heated  in  a  sealed  tube  for  6  hours  at  150-160*. 
With  vacuum  distillation  (0.5  mm)  we  isolated  5  g  of  a  yellow,  viscous  product  which  after  some  time  partly 
crystallized.  It  was  recrystallized  from  petroleum  ether.  M.  p.  82-83* 

Found  %:  N  7.18.  C26H26O2N2.  Calculated  %:  N  7.20. 

Reaction  of  ethyl  6 -methyl-0 -ethylglycidate  with  0 -naphthylamine.  15.3  g  of  ethyl  0 -methyl -0 -ethyl - 
glycidate,  13.6  g  of  0 -napthylamine  and  a  small  amount  of  anhydrous  alcohol  were  heated  in  a  sealed  tube  at 
170-180*  for  10  hours.  After  vacuum  distillation  (184-187*  at  0.5  mm)  the  substance  crystallized.  After  recrystal 
lization  from  petroleum  ether  it  melted  at  83-84*  (decomposition). 

Resulting  in  3  g  (10.5%). 

Found  %:  N  7.27.  C26H26O2N2.  Calculated  %;  N  7.20. 

Reaction  of  ethyl  0,0 -pentamethyleneglycidate  with  0 -naphthylamine.  24  g  of  ethyl  0,0 -pentamethyl- 
eneglycidate,  19  g  of  0 -naphthylamine,  and  a  small  amount  of  anhydrous  alcohol  were  heated  13  hours  in  a  sealed 
tube  at  170-190*.  After  vacuum  distillation,  the  substance  crystallized.  After  recrystallization  from  petroleum 
ether  it  melted  at  77-78*  (decomposition).  We  obtained  9  g  (15%). 

Found  %:  N  6.68.  C28H28O2N2.  Calculated  %;  N  6.60. 

SUMMARY 

1.  We  have  studied  the  reaction  of  ot-  and  0 -naphthyla  mines  with  a  series  of  esters  of  glycidic  acids.  We 
showed  that  0 -naphthylamine  is  the  more  reactive  substance. 

2.  We  have  established  that  in  the  reaction  of  6 -naphthylamine  with  ethyl  6,0-dlmethylglycidate  the 
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oxide  ring  is  opened  on  the  side  of  the  6  -carbon  atom.  The  resulting  addition  product  under  the  action  of  con¬ 
centrated  sulfuric  acid  can  be  ccm verted  to  the  corresponding  indole. 

3.  We  have  established  that  a-naphthylamine  reacts  with  ethyl  d, 6 -dimethyl  and  fi.d’tetramethylenegly- 
cidate  to  form  a  mixture  of  two  isomers.  In  this  case  the  oxide  ring  is  opened  on  the  sides  both  of  the  d-  and  the 
a -carbon  atoms. 
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STUDIES  IN  THE  FIELD  OF  COMPOUNDS  WHICH  CONTAIN  THREE- M  EMB  ERED 

OXYGEN  RINGS 


XXIII.  THE  REACTION  OF  ETHYL  ESTERS  OF  6 -METHYL-B -BUTYL-.  AND  6 -METHYL-6 -PHENYL- 

GLYCIDIC  ACIDS  WITH  ANILINE 

V.  F.  Martynov  and  la.  A.  Kastron 

In  a  previous  communication  [1]  we  described  the  reaction  of  aromatic  amines  with  ethyl  esters  of  glycidic 
acids  which  had  the  same  substituents  on  the  6 -carbon  atom.  The  present  work  is  a  continuation  of  this  study. 

The  ethyl  ester  of  6 -methyl -fl -butylglycidic  acid  is  described  for  the  first  time.  It  was  obtained  by  the  method 
of  Darzans  with  a  42^70  yield.  The  addition  of  aniline  to  the  ethyl  ester  of  this  glycidic  acid  was  carried  out  with 
considerable  difficulty  because  of  the  steric  hindrance  of  the  substituents  on  the  6 -carbon  atom.  Actually,  heat¬ 
ing  for  16  hours  of  a  mixture  of  aniline  and  the  ethyl  glycidate  at  160-170*  did  not  give  the  desired  result;  addi¬ 
tion  of  aniline  to  the  oxide  ring  did  not  occur.  Then  the  reaction  mixture  was  placed  in  a  steel  bomb  which  was 
heated  in  an  oil  thermostat  for  36  hours  at  175-180*.  Under  these  conditions,  reaction  occurred  and  the  addition 
product  was  obtained  in  43%  yield.  It  was  a  very  viscous  liquid  which  crystallized  after  some  time,  but  we  could 
not  measure  all  the  characteristic  constants  of  the  liquid  substance. 

On  the  basis  of  previous  work  [1]  we  could  assume  that  we  had  obtained  the  ethyl  ester  of  a -hydroxy-6 - 
-anilino-6 -methyl -6 -butylpropionic  acid  (I).  However,  final  evidence  could  only  be  the  conversion  of  this  pro¬ 
duct  into  the  corresponding  indole.  For  this  purpose  the  compound  was  treated  with  hot,  concentrated  sulfuric 
acid.  As  a  result  of  this  reaction,  we  observed  evolution  of  carbon  monoxide  and  from  the  reaction  mixture  we  obi- 
tained  the  expected  indole.  Thus  it  was  finally  shown  that  in  the  reaction  of  aniline  with  ethyl  6 -methyl-6 -butyl- 
glycidate,  the  oxide  ring  was  opened  on  the  side  of  the  6 -carbon  atom. 
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c.h;  I 


C-CHOH-COOCjHj 
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HHCeHj 
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CHj  I 
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HN.  ” 


(I) 
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To  show  the  structure  of  the  resulting  indole  we  synthesized  2-methyl -3-butylindole  by  the  method  of  A.  E. 
Arbuzov  from  methyl  amyl  ketone.  The  picrates  obtained  from  the  two  indoles  had  the  same  melting  point  and 
their  mixture  gave  no  depression. 

Thus,  as  the  result  of  the  reaction  we  obtained  2 -methyl-3 -butylindole  (II),  that  is,  a  retropinacoline  rearrange*- 
ment  which  occurred  during  the  reaction  and  proceeded  very  selectively,  producing  a  shift  of  the  heavier  butyl 
groups. 
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From  the  point  of  view  of  studying  the  retropinacoline  rearrangement  in  indole  synthesis,  there  is  a  positive 
interest  in  obtaining  the  ethyl  ester  of  ot-hydroxy-fi -anilino-6 -methyl-fl -phenylpropionic  acid.  This  compound 
could  be  obtained  by  addition  of  aniline  to  the  ethyl  ester  of  fl -methyl-8 -frfienylglycidic  acid.  We  carried  out 
this  reaction  and  obtained  a  crystalline  product  which  according  to  the  analysis  was  the  product  of  addition  to  the 
oxide  ring  of  the  glycidate  of  one  molecule  of  aniline.  When  concentrated  sulfuric  acid  acted  on  this  compound, 
much  tar  was  formed  with  comparatively  slight  heating  and  no  indole  could  be  isolated.  This  fact  could  only  be 
explained  by  the  opening  of  the  oxide  ring  on  the  side  of  the  cl  -carbon  atom  when  aniline  reacted  with  ethyl  8- 
-methyl-8 -phenylglycidate,  and  as  a  result  the  formation  of  the  ethyl  ester  of  cl  -anilino-8 -hydroxy-8 -methyl - 
-8  -phenylpropionic  acid  (111)  took  place. 


CH3. 

>C — CH-COOC2H5 

CeHr/  I  I 

OH  NHCeHg 

nil) 

In  this  case,  the  action  of  sulfuric  acid  should  give  an  unsaturated  amino  acid  which  under  these  conditions 
would  be  converted  to  a  tarrry  product.  This  assumption  was  the  more  probable  because  we  had  found  in  the  case 
of  ethyl-8 -phenylglycidate  that  aniline  added  to  the  « -carbon  atom  [2].  Further,  the  product  which  we  obtained 
could  be  separated  by  fractional  crystallization  into  two  compounds,  exactly  the  same  in  composition,  but  with 
different  crystal  form  and  melting  points.  One  of  them,  less  soluble  in  ethyl  alcohol,  was  isolated  in  the  form  of 
needles  with  m.p.  114-115*.  The  other,  more  soluble,  was  isolated  from  the  mother  liquors  in  the  form  of  warty 
crystals  with  m.p.  88-89*.  These  two  crystalline  forms  are  evidently  diastereoisomers,  since  the  ethyl  ester  of 
ot-anilino-8  -hydroxy-8  -methyl-8  -phenylpropionic  acid  contains  two  asymmetric  carbon  atoms.  Both  crystalline 
forms  under  the  influence  of  sulfuric  acid  form  much  tar,  which  shows  that  they  have  entirely  analogous  structures. 

EXPERIMENTAL 

Synthesis  of  the  ethyl  ester  of  8 -methyl-8 -butylglycidic  acid  was  carried  out  by  the  method  of  Darzans. 

To  a  mixture  of  100  g  (1  mole)  of  freshly  distilled  methylbutyl  ketone,  122  g  (1  mole)  of  ethyl  monochloroacetate 
and  500  ml  of  dry  ether  was  added, in  small  portions  with  energetic  stirring, 1  mole  of  sodium  ethylate.  Addition 
of  sodium  ethylate  was  carried  out  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  rise  above 
+3*.  On  the  second  day,  after  the  usual  process  of  treatment,  we  obtained  78  g  (42%)  of  ester: 

B.p.  61-63*  at  0.5-1  mm,  d*®4  0.9640,  n*®D  1.4326,  MRp  50.17;  calc.  49.48;  EMj)  0.69. 

Found  %:  C  64.45;  H  9.99.  CioHigOg.  Calculated  %:  C  64.48;  H  9.74. 

Synthesis  of  the  ethyl  ester  of  a -hydroxy-B -anilino-6 -methyl-B -butylpropionic  acid  (1).  74.4  g  (0.4  mole) 
of  the  ethyl  ester  of  6 -methyl-B -butylglycidic  acid  and  111.6  g  (1.2  mole)  of  freshly  distilled  aniline  were  placed 
in  a  steel  bomb,  connected  with  a  manometer.  The  bomb  with  the  reaction  mixture  was  heated  in  an  oil  thermo¬ 
stat  for  36  hours  at  175-180*.  When  the  bomb  was  opened,  the  manometer  showed  a  pressure  of  3.5  atm.  The  re¬ 
action  mixture  was  vacuum  distilled  and  a  fraction  boiling  at  144-148*  (1-1.5  mm)  was  collected.  We  obtained 
48  g  (43%)  of  the  ester  I  as  a  viscous,  light  yellow  liquid.  For  analysis  the  substance  was  twice  fractionated  and 
tfie  fraction  with  b.p.  142-144*  at  0.5-1  mm  was  taken: 

d*®4  1.0438,  n*®D  1.5248,  MRp  81.98,  calc.  79.27,  EMp  2.71. 

The  substance  crystallized  on  standing.  After  three  recrystallizations  from  80%  ethyl  alcohol  it  was  obtained 
as  transparent  colorless  crystals  with  m.p.  80.5-81* 

Found  %:  N  4.88.  M  270.2.  CkHzsOjN.  Calculated  %:  N  5.01.  M  279.3. 

Conversion  of  the  ethyl  ester  of  a -hydroxy-B -anilino-B -methyl-8 -butylpropionic  acid  into  2-methyl-3- 
-butylindole.  4.1  g  of  the  ethyl  ester  I  was  mixed  with  26  ml  of  concentrated  sulfuric  acid.  The  reaction  mixture 
was  carefully  heated  on  an  oil  bath.  At  80*  evolution  of  carbon  monoxide  began.  The  most  intense  evolution  of 
gas  occurred  at  90-95*  (thermometer  in  the  reaction  mixture).  Reaction  lasted  about  3  hours  without  evident  tar 
formation.  At  the  end  of  the  gas  evolution  the  reaction  mixture  was  poured  onto  ice  and  was  neutralized  with  a 
cold  aqueous  solution  of  NaOH.  The  indole  was  extracted  with  ether  and  after  vacuum  distillation  was  obtained 
as  a  thick,  light  yellow  liquid  with  b.p.  124-127*  at  1  mm,  becoming  red  in  air.  The  yield  of  2 -methyl -3 -butyl - 
indole  was  1.5  g  (55.5%). 
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d*®4  0.9944.  n*“D  1.5671,  MR^  61.52;  calc.  57.86,  EMp  3.62. 

Found  %:  N  7.67.  CijHjyN.  Calculated  %:  N  7.48. 

A  picrate  was  obtained  from  the  synthesized  indole.  When  hot  alcc^olic  solutions  of  molar  amounts  of  both 
components  were  mixed  we  obtained  cherry  red  needles  with  m.p.  133*  (in  a  sealed  capillary).  Recrystallization 
did  not  change  the  melting  point. 

For  identification,  2-methyl -3 -butylindole  (II)  was  synthesized  from  methyl  amyl  ketone  by  the  method  of 
A.  E.  Arbuzov  (MRp  62.72,  EMp  4.8).  The  picrate  was  in  the  form  of  cherry  red  needles  with  m.p.  133-134*  (in 
a  sealed  capillary).  The  mixed  melting  point  of  both  picrates  showed  no  depression. 

Reaction  of  the  ethyl  ester  of  6 -methyl-6 -phenylglycidic  acid  with  aniline.  For  the  reaction  we  used  the 
ethyl  6 -methyl-6 -phenylglycidate  obtained  by  the  method  of  Darzans,  b.p.  107-111*  at  2  mm: 

d*‘’4  1.0442,  n*“D  1.5182,  MR^  56.63;  calc.  55.12,  EM^  1.51. 

30  g  of  ethyl  6 -methyl -6 -phenylglycidate  and  42  g  of  aniline  were  heated  in  Wood's  metal  in  a  flask  with 
a  reflux  condenser  to  which  was  joined  a  Tishchenko  flask  with  sulfuric  acid.  Heating  was  continued  for  14  hours 
with  weak  boiling  of  the  reaction  mixture.  In  the  vacuum  distillation  we  collected  the  fraction  with  b.p.  156-180* 
at  2  mm.  The  product  was  a  light  yellow  liquid  which  crystallized  after  three  days.  Yield  about  45‘51».  We  should 
remark  that  after  the  distillation,  a  considerable  amount  of  heavy,  tarry  liquid  remained  in  the  flask  and  was  not 
Investigated. 

The  resulting  product  was  repeatedly  recrystallized  from  96%  ethyl  alcohol.  As  a  result,  we  isolated  two 
forms  of  crystals  which  differed  in  melting  point  and  crystal  shape.  One  substance,  which  separated  from  a  still 
warm  alcohol  solution  as  colorless  needles  had  m.p.  114-115* 

Found  %:  C  72.21;  H  7.25;  N  4.94.  M  308.0.  CyHjiOaN.  Calculated  %:  C  72.22;  H  7.07;  N  4.67. 

M  299.3. 

The  other  substance,  which  crystallized  from  the  mother  liquors  as  fine,  warty  crystals  had  m.p.  88-89*. 

Found  %;  C  72.53;  H  7.46;  N  4.87.  M  287.6.  CigHjiOgN.  Calculated  %:  C  72.22;  H  7.07;  N  4.67. 

M  299.3. 

Both  crystal  forms  under  the  action  of  concentrated  sulfuric  acid  gave  much  tar  without  evident  separation 
of  any  gas.  The  mixture  of  both  substances  melted  at  83-85* 

SUMMARY 

1.  We  have  studied  the  reaction  of  the  ethyl  esters  of  6 -methyl -6 -butyl-  and  6 -methyl -6 -phenylglycidic 
acids  with  aniline. 

2.  We  have  established  that  the  oxide  ring  of  ethyl  6 -methyl-6 -butylglycidate  is  opened  by  aniline  on  the 
side  of  the  6 -carbon  atom.  The  oxide  ring  of  ethyl  6 -methyl -6 -phenylglycidate  was  also  opened,  probably,  on 
the  side  of  the  a -carbon  atom. 

3.  We  carried  out  the  conversion  of  the  ethyl  ester  of  a -hydroxy-6 -anilino-6 -butylglycidic  acid  to  z 
me  tliyl -3 -butylindole. 
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THE  BEHAVIOR  OF  SOME  DIG  HLORO  A  LK  A  N  ES  AND  DI  CHLORO  A  LK  EN  ES 
IN  CONDITIONS  OF  DIRECT  SYNTHESIS 


A.  D.  Petrov,  G.  I.  Niklshin,  and  N.  P.  Smetankina 


In  the  reaction  of  dichloroethane  [1]  and  1,2-dichIoropropane  [2]  with  silicon,  only  dlsilanes  were  observed 
among  the  reaction  products,  along  with  silicochloroform  and  silicon  tetrachloride.  In  the  case  of  1,4-dichloro- 
butane  [3]  and  l,2-dichloro-3-butene  [4],  as  we  have  shown,  along  with  the  disilanes  there  is  also  formation  of 
cyclic  monosilanes  with  a  silicon  atom  in  a  five-membered  ring.  In  the  present  work  we  have  chosen  as  the  object 
of  study  close  homologs  of  dichloroethane,  which  had  not  been  sufficiently  investigated  earlier  [2],  1,2-dichloropro- 
pane,  and  l,2-dichloro-2-methylpropane,  and  also  the  isomers  of  l,2-dichloro-3-butene;  l,4-dichloro-2 -butene 
and  3-chloro-2-(chloromethyl)-l-propene.  It  was  shown  that  under  the  conditions  of  the  synthesis,  1,2-dlchloropro- 
pane  and  l,2-dichloro-2-methylpropane  easily  lose  hydrogen  chloride  with  conversion  to  the  corresponding  allyl 
chloride  and  methylallyl  chloride.  From  these  in  turn  by  reaction  with  silicon  are  formed  allyltrichlorosilane  and 
methylallyltrichlorosilane.  In  the  case  of  1,2-dichloropropane  we  obtained  the  previously  unidentified  disilanes, 

1 , 2  -bis  -<  trichlorsily  1)  -propa  ne  and  1  -( trichlorosilyl)  -2  -( dichloroslly  1)  -propane . 

CH3-CHCI— CH2CI  Cl3SiCH2CH=CH2-*-Cl3SlCH2CH(CH3)SiCl3-+- 

■+■  Cl3SiCH2CH(CH3)SlCl2H 

CHa-CCKCH^j-CHjCl  Cl3SiCH2-C=CH2 

I 

CH3 

The  reaction  of  l,4-dichloro-2-butene  with  silicon  proceeds  in  accordance  with  the  scheme; 

SI  CH-CH2\ 

CICH2— CH==CH— CH2CI  — ►  II  >SiCl2  ^  CliSiCHaCH^CHCHzSiCl, 

CH-CH2'^ 

-♦-CIsSi — SiCl.T 

It  is  interesting  that  there  is  only  6%  l,l-dichloro-l-(3-silacyclopentene)  in  the  reaction  mixture,  while  in 
the  reaction  mixture  obtained  in  the  reaction  of  l,2-dichloro-3-butene  with  silicon  its  content  is  15'5b[4].  Evidently 
in  the  earlier  case  reaction  proceeds  through  the  stage  of  l,4-dichloro-2-butene,  but  at  the  moment  of  its  formation, 
which  explains  the  higher  yield.  The  formation  of  hexachlorodisilane  from  the  dichloride  under  the  conditions  of 
direct  synthesis  had  not  been  observed  and  was  unexpected  for  us.  It  structure  was  confirmed  by  conversion  to  hexa- 
methyldisilane  and  by  spectram  analysis  of  the  latter.  Attempts  to  carry  out  closing  of  a  four-membered  ring  in 
the  reaction  of  3-chloro-2-(chloromethyl)-l-propene  with  silicon  were  unsuccessful.  The  sole  identified  products 
were  methylallyltrichlorosilane  and  3-(trichlorosilyl)-2-(trichlorosilylmethyl)-l-propene. 

CH2=C(CH2CI)2  CI3S1CH2-C- CH2-»-Cl3SiCH2-C— CH2SICI3 

CH3  (!!h2 

Attempts  to  replace  a  chlorine  atom  in  the  latter  product  by  a  methyl  group  using  methylmagnesium  chloride 
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caused  splitting  at  the  Si-C  bond  and  we  could  isolate  only  hexamethyldislloxane.  A  similar  interesting  anomaly 
was  earlier  found  only  in  the  methylation  of  methylallyltrichlorosilane  by  an  excess  of  methylmagnesium  chloride 
[5],  We  also  studied  the  behavior  of  vinylidene  chloride  under  the  conditions  of  direct  synthesis.  In  the  tempera¬ 
ture  range  up  to  450“  the  chief  mass  of  vinylidene  chloride  did  not  undergo  any  change  in  contact  with  a  copper- 
silicon  alloy.  There  was  only  the  formation  of  a  small  amount  of  silicochloroform  and  silicon  tetrachloride.  We 
also  isolated  several  grams  of  a  high-boiling  liquid  whose  properties  corresponded  to  those  of  l,l-bls-(trichlorosilyl)- 
-ethene.  However,  we  did  not  succeed  in  making  a  detailed  study  because  of  the  difficulty  of  obtaining  this  sub¬ 
stance  in  large  amounts. 


EXPERIMENTAL 

A  glass  tube  700  mm  long  and  40  mm  in  diameter  was  filled  with  pieces  of  copper -silicon  alloy  and  placed 
in  a  tubular  electric  oven;  nitrogen  was  blown  through  it  and  at  a  temperature  of  300  ±  10*  the  dichloride  under 
study  was  passed  through.  The  reaction  products  were  condensed  by  a  water  condenser.  The  reaction  mixture  was 
distilled  in  a  column  1  meter  high,  filled  with  glass  rings  with  a  diameter  of  3  mm.  The  isolated  fractions  were 
repeatedly  distilled  in  a  column  with  an  effectiveness  of  25  theoretical  plates.  In  the  Table  we  give  the  rate  of 
passing  the  dichloride  and  the  yield  of  condensate  in  separate  experiments. 


TABLE 


No.  of 
experiment 

Dichloride  studied 

Passed 

(in  g) 

Rate 

(g/hour) 

Amount  of 

condensate 

I 

CH3-CHCI-CH2CI 

555 

21 

277 

II 

CH3  -  CC1(  CH3)  -  CHjCl 

565 

24.5 

385 

III 

C1CH2-CH=  CH-CH2CI 

650 

26 

400 

IV 

CH2=C(CH2C1)2 

820 

18.5 

650 

Experiment  1.  From  the  condensate  we  isolated:  silicochloroform  68.3  g  (24,67o),  silicon  tetrachloride  60  g 
(21.7%);  allyltrichlorosilane  20  g  (7.2%)  with  b.p.  115-117*(752  mm),  n*®D  1.4422,  d*®^  1.2132,  MRp  38.30; 
calc.  38.96  (literature  data  [6];  b.p.  116-118*,  n^*D  1.4455).  l-(Trichlorosilyl)-2-dichlorosilylpropane  6.6  g 
(2.3%)  with  b.p.  192-195’  (764  mm),  n*®D  1,4663,  d*®4  1.3385,  MRp  57.25;  calc.  56.84. 

Found  %:  Si  20.96,  CsHtSIjCIs.  Calculated  %:  Si  20.31. 

l,2-Bis-(trichlorosilyl)-propane  39  g  (14%)  with  b.p.  212-214*  (762  mm),  n*°D  1.4809,  d*®4  1.4479, 

MRp  61.11;  calc.  60.84. 

Found  %:  C  12.35;  H  1.81;  Si  18.02.  CjHgSiiClg.  Calculated  %;  C  11.57;  H  1.93;  Si  18.00. 

The  literature  gives  only  the  boiling  point  of  this  compound,  obtained  by  direct  synthesis  with  a  yield  of 

1.6%  [2]. 

In  the  reaction  of  l,2-bis-(trichlorosilyl)-propane  with  excess  methylmagnesium  chloride  we  obtained  a 
20%  yield  of  l,2-bis-(trimethylsilyI)-propane  with  b.p.  167“,  n*®D  1.4296,  d*®4  0,7725,  MRp  62.97;  calc.  63.06. 

Found  %:  C  57.17;  H  12.76;  Si  29.90.  C9H24Sij,  Calculated  %:  C  57.35;  H  12.84;  Si  29.81. 

Experiment  II.  From  the  condensate  we  isolated;  silicochloroform  33.5  g  (8.7%),  silicon  tetrachloride  139 g 
(36%),  methylallyl  chloride  26  g  (6.8%)  with  b.p,  67-69“  (748  mm),  n^®D  1,4280,  d*®4  0.9260  (literature  data  [7]: 
b.p.  71.5*  (760  mm),  n*®D  1.4291,  d*®4  0,9269);  methylallyltrichlorosilane  56.5  g  (14.7%)  with  b.p.  138.0*  at 
730  mm,  n^®D  1.4542  (literature  data  [5]:  b.p.  139“  at  743  mm,  n^®D  1.4533). 

In  the  reaction  of  methylallyltrichlorosilane  with  an  equivalent  amount  of  methylmagnesium  chloride  we 
obtained  52.5%  methylallyltrirnethylsilane  with  b.p.  109“  (726.5  mm),  n*®D  1.4203,  d*®4  0.7380.  The  combination 
scattering  spectrum  corresponded  to  that  given  in  the  literature  [8]  (literature  data  [5];  b.p.  111-111.5*  at  758  mm, 
n^®D  1.4193,  d^®4  0.7397). 

Experiment  III.  In  the  condensate  we  found:  silicochloroform  40  g  (30%),  silicon  tetrachloride  66.6  g  (16.7%); 
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24  g  (6%)  of  l,l-dlchloio-l-(3-silacyclopentene)  with  b.p.  134-136*  (741  mm),  n*®D  1.4780  (literature  dau  [4]: 
b.p.  135*  at  753  mm,  n*®D  1.4782), 

Found  C  31.12;  H  3.75.  C^HeSlCl,.  Calculated  ‘Jb:  C  31.37;  H  3.95. 

Hexachlorodisllane  23.5  g  (6%)  with  b.p.  145-146*  (741  mm),  n*®D  1.4701  (literature  data  [9];  b.p.  144-148*); 
l,4-bls-(trlchlorosllyl)-butene  29  g  (7.3%)  with  b.p.  240-243*,  n*®D  1.4859  (literature  data  [4]:  b.p.  243*,  n*®D  1.4879), 

Found  %  SI  17.54.  C4H,Slja,.  Calculated  %:  Si  17.39. 

From  l,l-dlchloro-l-(3-sllacyclopentene)  by  methylatlon  with  methylmagneslum  chloride  we  obtained  65% 
of  1, 1 -dimethyl -1 -(3 -sllacyclopentene)  with  b.p.  101.5*  (746  mm),  n*®D  1.4424,  d*®4  0.8062  (literature  data  [4] 
b.p.  100.5-101*  at  741  mm,  n*®D  1.4433,  d*®4  .8067). 

In  an  analogous  way  we  obtained  from  hexachlorodisllane,  hexamethyldlsllane  with  b.p.  111-111,5*,  n*®D 
1.4214,  d*®4  0.7293,  MR^,  50.84;  calc.  51.07  (literature  data  [10];  b.p.  113-114*  at  760  mm,  n*®D  1.4229, 
d*®4  0.7268). 

In  the  reaction  of  l,4-bls-(trichloro8llyl)-2-butene  with  methylmagneslum  chloride  we  obtained  l,4-bl8- 
-(trlmethylsllyl)-2-butene(yield48.5%)  with  b.p.  190*  (753  mm);  n*®D  1.4385,  d*®4  0.7799  (literature  data  [4]: 
b.p.  187.5-188.5*,  n*®D  1.4398,  d*®4  0,7789). 

Experiment  IV.  From  the  condensate  we  isolated:  sllicochloroform  62  g  (9.5%),  silicon  tetrachloride  74  g 
(11.3%);  methylallyltrlchlorosilane  76.5  g  (11.5%)  with  b.p.  185-139*,  n*®D  1.4570;  3-(trichlorosllyl)-2-(trlchloro- 
sllylmethyl)-l-propene  49  g  (7,5<>|y  with  b.p.  239-240*  (722  mm),  n*®D  1.4931,  d*®4  1.4052,  MRp  66.81;  calc. 

65.00. 

Found  %:  Si  18,05,  C4HeSi2Cle.  Calculated  %:  Si  17.39. 

From  methylallytrlchlorosllane  and  methylmagneslum  chloride  we  obtained  methylallyltrlmethylsllane 
(yield  40.6%)  with  b.p.  110*  (731  mm),  n*®D  1.4202,  d*®4  0.7384.  Its  combination  scattering  spectrum  fully  agreed 
with  that  given  In  the  literature  [7]. 

In  the  action  of  excess  methylmagneslum  chloride  on  l-(trichlorosllyl)-2-(trichlorosilymethyl)-2-propene 
along  with  substitution  of  chlorine  atoms  by  methyl  groups  there  was  rupture  of  a  Si~C  bond.  As  a  result  we  ob¬ 
tained  only  hexamethyldislloxane  (yield  50%)  with  b.p.  99-100*,  n*®D  1,3777,  d*®4  0.7633  (literature  data  [11]; 
b.p.  99-100*,  n*®D  1.3771,  d*®4  0.7638). 

From  the  reaction  mixture  obtained  by  passage  through  a  tube  with  a  Cu~Si  alloy  of  650  g  of  vinylldene 
chloride  at  450*,  we  Isolated  only  9  g  of  l,l-bis-(trlchlorosilyl)-ethene  (besides  HSlCls  and  SICI4),  with  b.p.  109* 

(51  mm),  n*®D  1.4861,  d*®4  1.4939,  MRp  56.67;  calc.  55.74. 

Found  %;  Si  18.71.  C2H2Si2Cl2.  Calculated  %;  Si  19.03. 

SUMMARY 

1,  We  have  established  that  1,2-dichloropropane  and  l,2-dichloro-2-methylpropaneunderlhe  conditions  of 
direct  synthesis  easily  lose  hydrogen  chloride  and  are  converted  to  allyl  chloride  and  methylallyl  chloride.  In  the 
case  of  l,2-dichloro-2-methylpropane,  the  methylallyltrlchlorosilane  is  the  sole  reaction  product;  in  the  case  of 
1,2-dichloropropane,  besides  die  allyltrichlorosllane,  disllanes  are  also  formed. 

2,  In  the  reaction  of  l,4-dichloro-2-butene  with  silicon,  along  with  disllanes  is  found  formation  of  a  cyclic 
monosilane,  1,1 -dichloro-l-(3 -sllacyclopentene). 

3,  The  reaction  products  of  3-chloro-2-(chloromethyl)-l-propene  with  silicon  were  methylallyltrlchlorosilane 
and  3-(trichlorosllyl)-2-(trichlorosllylmethyl)-l-propene;  the  later  reacts  with  CHsMgCl  with  splitting  of  a  Sl'^C 
bond. 
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STUDIES  IN  THE  FIELD  OF  THE  C  HEMIS  TRY  OF  2 . 1 . 3  -  T  HIO  DI  A  ZOL  E 


VIII.  THE  OXIDATION  OF  BENZO-2,1.3-THIODIAZOLE  AND  ITS  DERIVATIVES 
V.  G.  Pesin,  A.  M.  Khaletskii,  and  Chou  Ch*ln 


In  a  previous  study,  two  of  us  showed  that  benzo-2,l,3-thiodiazoIe  and  its  derivatives,  and  also  naphtho-2,1,3 
-thiodiazole  [1,  2]  along  with  their  aromatic  properties  are  definitely  unsaturated;  the  unsaturated  character  of 
these  compounds  however  does  not  exclude  a  definite  specificity.  Thus,  some  reactions  characteristic  of  ethylene 
compounds  do  not  occur  with  benzo-2, 1,3 -thiodiazole  (addition  of  HCl,  diene  synthesis).  Also,  it  is  found  that 
the  unsaturation  shown  for  benzo-2, 1,3-thiodiazole  and  its  derivatives  is  weakened  in  the  4,7-dichloro  derivative 
while  the  aromatic  character  of  the  latter  is  strengthened.  In  this  connection,  is  is  interesting  to  study  further  the 
unsaturated  properties  of  benzo-2, 1,3-thiodiazole  and  its  derivatives  and  for  this  purpose  we  have  used  oxidation. 


In  the  oxidation  of  benzo-2,l,3-thiodiazole,  its  5-methyl-,  5-chIoro-,  and  4,7-dichloro  derivatives  by  per¬ 
acetic  acid  we  find  destruction  of  all  the  organic  part  of  the  molecule  (the  sulfur  is  found  only  in  the  form  of 
ammonium  sulfate).  In  the  oxidation  of  5-chlorobenzo-2, 1,3-thiodiazole  besides  ammonium  sulfate  was  Isolated 
a  slight  amount  of  the  2,4-dinitrophenylhydrazone  of  glycolic  aldehyde  (presumed),  and  in  the  oxidation  of  benzo- 
-2, 1,3 -thiodiazole  was  obtained  only  qualitative  evidence  of  the  presence  of  an  aldehyde  group.  It  is  Interesting 
to  note  in  this  connection  that  when  5-methylbenzo-2,l,3-thiodiazole  is  heated  with  307o hydrogen  peroxide  in 
glacial  acetic  acid,  no  notable  change  is  found  [3];  also  there  is  no  change  in  the  action  of  perbenzoic  acid  on 
benzo-2, 1,3 -thiodiazole  in  chloroform  at  0*.  In  the  oxidation  of  benzo-2, 1,3 -thiodiazole  by  potassium  permanga¬ 
nate  we  isolated  two  products;  one,  judging  by  analytical  data  and  ability  to  form  a  dimethylallyl  derivative,  is 
preferably  S-dioxy  2,l,3-thiodiazole-4,5-dicarboxylic  acid  (I),  the  other  was  not  more  closely  investigated,  but 
the  analytical  data  agree  with  the  composition  C2H2N2O4SK2  and  its  structure  can  be  assumed  to  be  represented  by 
formula  (II), 
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The  formation  of  these  substances  can  be  explained  if  it  is  assumed  that  oxidation  by  potassium  permanga 
nate  goes  through  preliminary  addition  of  the  elements  of  hydrogen  peroxide  (according  to  Wagner);  the  2,1,3- 
-thiodiazole-4.5-dicarboxylic  acid  which  is  formed  is  further  oxidized  to  the  S -dioxide  (I) 
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Simultaneously  there  is  transformation  of  the  S-dioxide  (I)  according  to  the  scheme 


(I) 


-CO, 


HC^  \ 

I  SO2 

HCv.  / 


(H) 


The  oxidation  of  2-methylbenzo-  and  l',2*-naphthothiodiazole  go  in  the  same  way. 

This  theory  of  the  mechanism  of  oxidation  of  benzo-2,l,3-thiodiazole  by  potassium  permanganate  can  be 
confirmed  by  the  oxidation  of  4,7-dichlorobenzo-2,l,3-thiodiazole  which  is  much  "less  unsatuiated"  than  the  pre¬ 
vious  one;  this  also  is  found  in  halogenation.  While  benzo-2,l,3-thiodiazole  easily  adds  chlorine  and  bromine, 
4,7-dichlorobenzo-2,l,3-thlodiazole  does  not  add  halogens.  In  the  oxidation  of  4,7-dichlorobenzo-2,l,3-thlodi- 
azole  by  potassium  permanganate,  reaction  goes  less  energetically  than  in  the  oxidation  of  benzo-2,l,3-thiodiazole, 
and  so  it  must  be  carried  out  under  stronger  conditions. 

In  ozonization  of  benzo-2,l,3-thlodiazole  (III),  an  ozonide  (V)  is  isolated  with  m.p.  60*,*  which  after  de¬ 
composition  gives  a  mixture  of  2,l,3-thiodiazole-4,5-dicarboxylic  acid  (IV),  2,l,3-thIodiazole-4,5-dlaIdehyde 
(VI),  and  glyoxal  (VII);  in  this  case  the  reaction  mechanism  can  be  given  as  follows: 


(VI)  (VU) 


The  last  two  substances  were  Isolated  in  the  form  of  the  corresponding  semicarbazones;  some  quantity  of 
ammonium  sulfate  was  also  obtained.  On  the  basis  of  these  data,  the  oxidation  of  benzo-2,l,3-thiodiazole  and 
some  of  its  derivatives  by  potassium  permanganate  and  ozone  indicates  that  thiodiazole  has  an  unsaturated  character, 
as  was  earlier  established  in  studies  of  the  halogenation  reactions. 

EXPERIMENTAL 

Oxidation  of  benzo-2. 1,3 -thiodiazole  by  peracetic  acid.  10  g  of  III  and  135  ml  of  acetic  acid  which  con¬ 
tained  IV’h  peracetic  acid  were  heated  on  the  boiling  water  bath  for  48  hours,  after  which  the  reaction  mass  was 
diluted  with  water.  The  precipitate  which  separated  (1.3  g  of  benzo-2, 1,3 -thiodiazole  which  did  not  react)  was 
filtered  off,  and  the  filtrate  was  concentrated  (a  considerable  amount  of  benzo-2,l,3-thiodiazolewas  then  precipi* 
tated)  and  the  residue  was  washed  with  alcohol  and  ether;  we  obtained  0.75  g  of  ammonium  sulfate. 

Found  S  23.75,  23.9a(NH4)jS04.  Calculated  ‘jfc  S  24.24. 

After  evaporation  of  the  alcohol -ether  filtrate  we  obtained  a  thick  liquid  which  reduced  Fehling's  solution 
but  from  which  we  could  not  isolate  individual  substances. 

Oxidation  of  benzo-2, 1,3-thiodiazole  by  perbenzoic  acid.  1  g  of  III  was  dissolved  in  15  ml  of  chloroform 
and  to  the  solution  at  0*  was  added  42.6  ml  of  a  chloroform  solution  of  perbenzoic  acid  (containing  2.6  g  of  per¬ 
benzoic  acid).  On  the  next  day,  after  distillation  of  ±e  solvent,  the  residue  was  treated  with  10%  sodium  hydroxide 
solution;  after  drying  it  melted  at  40-42*.  A  mixed  melting  point  with  the  starting  benzo-2,l,3-thiodiazole  gave 
no  depression. 

Oxidation  of  5-methylbenzo-2.1,3-thiodiazole  by  peracetic  acid.  To  a  solution  of  5  g  of  substance.  50  ml 
of  93%  acetic  acid,  and  50  ml  of  acetic  anhydride  at  60*  was  gradually  added  through  a  dropping  funnel  50  ml 

*  We  express  thanks  to  A.  I.  lakubchlk  and  N.  G.  Kasatkina  for  valuable  aid  and  advice  in  carrying  out  tfie 
ozonolysis  at  the  Leningrad  State  University. 
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of  30%  hydrogen  peroxide.  After  heating  for  two  days  to  60*  and  diluting  the  solution  with  water,  we  obtained 
2.8  g  of  starting  substance.  After  distillation  of  the  filtrate  in  a  vacuum  and  treatment  of  the  residue  with  alcohol 
and  ether,  we  obtained  ammonium  sulfate  (no  other  substance  could  be  isolated). 

Oxidation  of  4,7-dichlorobenzo-2,l,3-thiodiazole  by  peracetic  acid.  5  g  of  the  substance  and  140  ml  of 
11%  peracetic  acid  were  submitted  to  heating  on  a  boiling  water  bath  for  3  days,  and  then  the  acetic  acid  solution 
was  diluted  with  water;  we  obtained  1.5  g  of  the  starting  substance, and,  when  the  filtrate  was  treated  as  before,  0.95  g 
of  ammonium  sulfate. 

Oxidation  of  5-chlorobenzo-2,l,3-thiodiazole  with  peracetic  acid.  1.5  g  of  substance  and  60  ml  of  11% 
peracetic  acid  were  heated  on  the  boiling  water  bath  for  2  days,  after  which  the  acetic  acid  solution  was  diluted 
with  water  and  gave  0,15  g  of  starting  substance;  when  the  filtrate  was  treated  as  before  It  gave  0,17  g  of  ammo¬ 
nium  sulfate.  From  the  alcohol  solution  after  removal  of  the  (NH4)jS04,  the  action  of  2,4-dinItrophenylhydrazine 
gave  0.13  g  of  a  2,4-dinitrophenylhydrazone  which  after  recrystallization  from  a  mixture  of  ethyl  acetate  and 
alcohol  (1  ;  1)  melted  at  177,5-179.5*. 

Found  %:  C  40.55,  40.16;  H  3.48,  3.44;  N  23.19,  23.78.  CgHj05N4.  Calculated  %:  C  40.00;  H  3.33; 

N.  23.33. 

Oxidation  of  benzo-2,l,3-thiodiazole  by  potassium  permanganate.  To  a  mixture  of  4  g  of  III  and  40  ml  of 
water  was  added  gradually  with  stirring  at  50*,  30  g  of  potassium  permanganate  as  an  8%  solution  (to  a  faint  rose 
color).  The  manganese  dioxide  which  separated  was  filtered,  washed  with  hot  water,  and  the  combined  filtrates 
were  concentrated  in  a  vacuum  at  50-60*.  We  obtained  2.42  g  of  a  crystalline  substance  which  contained  potassium, 
was  easily  soluble  in  water,  little  soluble  in  alcohol,  and  did  not  dissolve  in  organic  solvents.  From  the  filtrate 
^fter  neutralization  with  hydrochloric  acid)  was  separated  2.86  g  of  a  substance,  m.p.  268*  (with  decomposition) 
which  after  recrystallization  from  water  was  little  soluble  in  alcohol  and  insoluble  in  organic  solvents. 

Found  %;  C  23.70,  23.39;  H  1.11,  0.86;  N  13.62,  13.68;  S  15.23,  15.20.  C4H206N,S.  Calculated  %: 

C  23.30;  H  0.97;  N  13.59;  S  15.52. 

“Silver  salt  of  S-dioxy  2.1,3-thlodlazole-4,5-dicarboxyllc  acid.  0.3  g  of  S-dioxy-2,l,3-thiodiazole-4,5- 
-dicarboxylic  acid  was  dissolved  in  10  ml  of  10%  ammonia  solution,  the  solution  was  evaporated  on  the  water 
bath  to  remove  ammonia,  the  residue  was  dissolved  in  water,  and  to  the  filtrate  was  added  a  20% solution  of  silver 
nitrate.  The  precipitate  was  separated,  washed  with  water  and  dried  at  95*  to  give  0.6  g  of  salt. 

Found  %;  Ag  51.80,  51,77.  C^gN2SAg2,  Calculated  %;  Ag  51.43. 

Analysis  of  the  substance  which  contained  potassium. 

Found  %:  C  10.79;  10.66;  H  1,01;  1.19;  N  12.12,  12.18.  CjHj04NjSKj;  Calculated  %;  C  10.53; 

H  0.89;  N  12.28. 

Oxidation  of  5-methylbenzo-2,l,3-thIodiazole  by  potassium  permanganate.  1  g  of  substance  was  heated 
with  10  ml  of  water  at  50*  and  with  constant  stirring  a  solution  of  4.4  g  of  potassium  permanganate  in  250  ml  of 
water  was  added.  The  mixture  was  boiled  for  10  minutes.  Manganese  dioxide  was  filtered  off  and  water  was 
distilled  from  the  filtrate  to  a  minimum  volume.  When  hydrochloric  acid  was  added,  0.46  g  (33.6%)  of  needles 
separated,  with. m.p.  263-264*.  A  mixed  melting  point  with  S-dioxy-2,l,3-thiodiazole-4,5-dicarboxylic  acid 
gave  no  depression. 

Oxidation  of  4,7-dichlorobenzo-2,l,3-thiodiazole  by  potassium  permanganate.  A  mixture  of  3  g  of  the 
substance  and  40  ml  of  4%  sodium  hydroxide  solution  was  heated  to  boiling  and  at  this  temperature  a  solution  of 
20  g  of  potassium  permanganate  in  250  ml  of  water  was  added  gradually  with  stirring  toa  weak  rose  color.  After 
separation  of  the  manganese  dioxide  and  concentration  of  the  filtrate  in  a  vacuum,  we  isolated  2.32  g  (70%)  of 
the  oxidation  product. 

Found  %:  C  10.96.  10.61;  H  1.12,  1.05;  N  11.93,  12,04.  C2H2O4NJSKJ.  Calculated  %:  C  10.53; 

H  0.887;  N  12.28. 

Oxidation  of  l*,2*-naphtho-2,1.3-tfaiodiazole  by  potassium  permanganate,  a)  1.5  g  of  substance  was 
heated  with  20  ml  of  water  to  85-90®  and  at  this  temperature  a  solution  of  20  g  of  potassium  permanganate  in 
400  ml  of  water  was  added  gradually  with  stirring.  After  20  minute  boiling  and  separation  of  the  manganese  di- 
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oxide,  the  filtrate  was  concentrated  in  a  vacuum;  vie  obtained  0.37  g  of  substance  (20"A>). 

Found  7o;  C  10. 6G,  10,61;  H  1.07,  0.97;  N  11.82,  12.00,  CjHjO^NjSKj.  Calculated  "A*;  C  10.53;  H  0.887; 

N  12.28. 

b)  A  mixture  of  1.5  g  of  l’,2*-naphtho-2,1.3-tluodiazole  and  100  ml  of  water  was  heated  to  50-60',  and  at 
this  temperature  with  constant  stirring  was  gradually  added  4  g  of  potassium  permanganate,  after  which  the  reaction 
mixture  was  cooled  and  the  manganese  dioxide  was  filtered  off.  After  neutralization  of  hydrochloric  acid,  the 
filtrate  was  concentrated  in  a  vacuum  to  10  ml,  treated  with  alcohol,  and  the  potassium  chloride  which  separated 
was  filtered  off.  The  alcohol-water  filtrate  was  concentrated  in  a  vacuum  to  minimum  volume;  0.17  g  of  crystals 
with  m.p.  268-272*  (with  decomposition)  separated.  A  mixed  melting  point  with  S-dioxy  2,l,3-thiodiazole-4.5- 
-dicarboxylic  acid  obtained  by  the  oxidation  of  benzo-2,l,3-thiodiazole  by  potassium  permanganate  gave  no  de¬ 
pression, 

Ozonization  of  benzo-2,l,3-thiodiazole.  Ozone  (concentration  of  ozone  ~77o)  was  passed  into  a  solution 
of  4  g  of  III  in  65  ml  of  chloroform  at  ~10'  to  —15*;  we  isolated  5  g  of  a  substance  (m.p.  60*  with  decomposition 
in  a  sealed  tube;  yield  73.27o).  This  yellowish  powder  with  an  unpleasant  odor  was  kept  at  -5*;  at  higher  tempera¬ 
tures  (15-20*)  it  was  converted  into  a  yellow  mass. 

1.45  g  of  theozonide  was  dissolved  in  water,  the  solution  was  neutralized  with  barium  carbonate,  the  pre¬ 
cipitate  (barium  sulfate  with  excess  barium  carbonate)  was  filtered  off,  washed  with  hot  water,  and  the  combined 
filtrates  concentrated  at  50*  in  a  vacuum.  The  resulting  white  precipitate  was  filtered  and  recrystallized  from 
water;  we  obtained  0.5  g  of  the  barium  salt  of  2,1,3 -thiodiazole -4,5 -dicarboxyllc  acid. 

Found  C  15,77,  15.48.  C404N2SBa.  Calculated  %:  C  15.55. 

When  the  water  solution  of  the  barium  salt  was  treated  with  concentrated  sulfuric  acid,  the  precipitate  se¬ 
parated,  and  the  filtrate  concentrated,  we  obtained  a  substance  which,  after  drying  at  80*.  melted  at  172-173*. 

Found  %  N  15.73,  15.90,  C4H2O4N2S,  Calculated  %  N  16.09. 

The  solution  after  separation  of  the  barium  salt  of  2, 1,3 -thiodiazole -4,5 -dicarboxyllc  acid  was  diluted  with 
a  mixture  of  alcohol  and  water  (1  :  1)  and  treated  with  semicarbazide  solution  to  give  a  semicarbazone  with  m.p, 
193-195*  (66.6%);  after  recrystallization  from  a  mixture  of  alcohol  and  water,  m.p.  195.5-197*. 

Found  %:  C  28.09;  28.21;  H  3.23,  3.31;  N  43.73,  43.41;  S  12.40,  12.75.  C6H8O2N8S.  Calculated  % 

C  28.13;  H  3.12;  N  43.75;  S  12.50. 

According  to  the  analytical  data  this  corresponds  to  the  semicarbazone  of  2, l,3-thiodiazcle-4, 5-dialdehyde. 

Investigation  of  the  decomposition  products  of  the  ozonide  of  benzo-2,l,3-thiodiazole  was  carried  out  further 
as  follows:  the  water  solution  obtained  after  decomposition  of  6.4  g  of  ozonide  was  vacuum-distilled  and  the  residue 
in  the  form  of  a  thick  liquid  crystallized  after  treatment  with  alcohol  and  ether;  we  obtained  0.28  g  of  a  substance 
which  decomposed  at  340*.  It  was  soluble  in  water,  insoluble  in  ether,  did  not  darken  when  heated  in  the  flame 
of  a  burner,  its  water  solution  evolved  ammonia  when  it  was  boiled  with  a  sodium  hydroxide  solution,  and  it  gave 
a  precipitate  with  barium  chloride;  thus  it  was  shown  that  it  was  ammonium  sulfate. 

The  alcohol-ether  solution  after  removal  of  ammonium  sulfate  was  diluted  with  water,  neutralized  with 
barium  carbonate,  and  the  insoluble  barium  salts  were  filtered  off.  After  the  filtrate  had  been  concentrated  in  a 
vacuum  and  the  further  portion  of  barium  salt  which  separated  had  been  removed,  we  isolated  3.45  g  of  semicar¬ 
bazone,  This  was  a  mixture  of  the  semicarbazones  of  2,1,3 -thiodiazole -4,5 -dialdehyde  and  glyoxal.  These  semi- 
carbazones  were  separated  by  their  different  solubilities  in  alcohol;  while  die  semicarbazone  of  2,1,3-thiodiazole- 
-4,5 -dialdehyde  was  comparatively  easily  soluble  in  alcohol,  glyoxal  semicarbazone  was  insoluble  and  melted  above 
270*. 

Found  %:  C  28,39,  28.58;  H  4.84,  4.59.  C4H,02N6.  Calculated  %:  C  27,99;  H  4.65. 

SUMMARY 

1.  In  the  oxidation  of  benzo-2, 1,3 -thiodiazole,  its  5-methyl-,  5-chloro-,  and  4,7-dichloro  derivatives  by 
peracetic  acid,  there  is  decomposition  of  all  the  organic  portion  of  the  molecules:  the  final  products  of  the  reaction 
ate  chiefly  ammonium  sulfate  and  small  amounts  of  carbonyl  compounds. 
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2.  Benzo-2,1.3-thiodlazole  and  also  5-methylbenzo-2,l,3-thiodiazole  are  oxidized  by  potassium  perman¬ 
ganate  (at  50*)  with  the  formation  of  S-dioxy  2,1.3-thiodiazole-4,5-dicatboxylic  acid  and  a  product  with  the  com¬ 
position  C2H2O4N2SK2.  4,7-Dichlorobenzo-2,l,3-thiodiazole  under  these  conditions  reacts  weakly  with  potassium 
permanganate  (at  100*)  with  the  formation  preferably  of  the  substance  C2H2O4N2K2. 

3.  l',2'-Naphtho-2,l,3-thiodiazole  reacts  with  potassium  permanganate,  depending  on  the  reaction  con¬ 
ditions,  to  form  either  the  product  C2H2O4N2SK2.  or  a  mixture  of  this  with  S-dioxy  2,l,3-thiodiazole-4,5-dicarboxylic 
acid. 

4.  Benzo-2,l,3-thiodlazole  is  oxidized  by  ozone  with  the  formation  of  ammonium  sulfate,  1,2,3 -thlodiazole- 
4,5  -dicarboxyllc  acid,  l,2,3-thlodiazole-4,5-dlaldehyde,  and  glyoxal. 
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CHEMISTRY  OF  2 . 1 . 3  -  T  HI  A  DI A  ZO  L  E 


IX.  REACTION  OF  o-BENZOQUINONE  DIOXIME  WITH  SULFUR  DICHLORIDE 
V.  G.  Pesin,  A.  M.  Khaletskii  and  Chou  Ch'in 


The  synthesis  of  2,l,3-ben20thiadiazoIe  (I)  and  its  derivatives  and  a  study  of  the  substitution,  addition  and 
oxidation  reactions  of  the  latter  [1]  revealed  that  together  with  a  well-defined  aromatic  character,  the  indicated 
heterocycle  shows  some  unsaturation.  However,  this  heterocycle  does  not  lend  itself  to  certain  reactions  character¬ 
istic  of  unsaturated  compounds,  like,  for  example,  the  diene  synthesis.  In  addition,  it  was  found  that  the  unsaturated 
properties  of  (I)  become  weaker  in  some  of  its  derivatives,  and  in  contrast,  the  aromatic  character  is  enhanced. 
Studies  employing  physical  methods  (measurement  of  interatomic  distances  [2],  determination  of  dipole  moments 
[3])  also  fail  to  yield  an  answer  as  to  the  structure  of  (I)  and  its  derivatives.  In  connection  with  the  above,  we  under¬ 
took  the  synthesis  of  2,1,3 -benzothiadiazole  from  compounds  whose  quinoid  stmcture  was  not  in  doubt. 

According  to  the  literature  [4],  benzofurazan  (II)  does  not  react  with  phosphoms  pentasulfide;  it  seemed  to 
us  that  the  oxygen  in  the  diazole  ring  of  benzofuroxan  (III)  is  less  firmly  bound  to  the  nitrogen  atoms  than  it  is  in 
benzofurazan  (II). 


(I) 


V  \  \ 


O 


O 


(ID 


(HI) 


f\K 

1  ^ 

I  II 

A/An/ 

A/An/ 

(IV) 

(V) 

Proceeding  from  this,  we  attempted  to  synthesize  (I)  or  its  oxide  (IV)  from  benzofuroxan  (III)  by  reacting  the 
latter  with  either  phosphoms  pentasulfide  or  hydrogen  sulfide,  but  in  neither  case  did  we  succeed  (the  same  as  in 
our  earlier  attempts  to  synthesize  2,1,3 -benzothiadiazole  from  o-benzoquinone  dioxime  and  phosphoms  pentasulfide). 

Negative  results  were  also  obtained  when  we  attempted  to  react  o-benzoquinone  dioxime  with  hydrogen 
sulfide  in  the  presence  of  sodium  acetate;  in  both  cases  benzofurazan  (II)  was  obtained  instead  of  (I),  i.e.  dehydra¬ 
tion  occurred. 

The  obtained  results  led  us  to  postulate  that  the  possiblity  of  forming  the  thiadiazole  ring  is  not  excluded 
when  compounds,  capable  of  reacting  under  mild  conditions  (at  low  temperature),  avoiding  dehydration,  are  re¬ 
acted  with  o-benzoquinone  dioxime.  Based  on  such  considerations,  we  investigated  the  reaction  of  o-benzoquinone 
dioxime  with  thionyl  chloride,  sulfinylaniline  and  sulfur  dichloride.  As  our  investigations  revealed,  thionyl  chloride 
and  sulfinylaniline  do  not  react  with  o-benzoquinone  dioxime;  the  2, 1,3 -benzothiadiazole  derivative  was  obtained 
only  when  o-benzoquinone  dioxime  was  reacted  with  sulfur  dichloride.  The  reaction  product  can  be  assigned  either 
stmcture  (IV)  or  (V). 


EXPERIMENTAL 

Benzofuroxan  (III)  [5].  A  solution  of  32.2  g  of  o-nitroaniline  in  250  ml  of  methyl  alcohol,  in  the  presence 
of  8.8  g  of  sodium  hydroxide,  was  oxidized  with  275  ml  of  16 .45*5^ sodium  hypochlorite  solution.  The  red  reaction 
mass  soon  deposited  a  yellow  precipitate,  which  after  filtration,  waging  with  water,  and  drying,  had  m.p.  64-68  ; 
the  yield  was  31  g  (97.6970). 
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Reaction  of  benzofuroxan  with  phosphorus  pentasulflde.  A  mixture  of  0.7  g  of  benzofuroxan  and  1.4'  g  of 
phosphoms  pentasulfide  in  20  ml  of  benzene  was  heated  under  reflux  with  constant  stirring.  After  refluxing  for 
2  hours  the  insoluble  precipitate  was  filtered  and  dried  at  40";  after  recrystallization  from  dilute  alcohol,  m.p. 
64-65*.  The  mixed  melting  point  with  benzofuroxan  was  not  depressed. 

Reaction  of  benzofuroxan  with  hydrogen  sulfide.  Hydrogen  sulfide  was  passed  into  a  solution  of  0.5  g  of 
benzofuroxan  in  a  mixture  of  25  ml  of  alcohol  and  2.5  g  of  50%  sodium  acetate  solution.  After  30  minutes  the 
liberated  sulfur  was  filtered,  and  the  alcohol  solution  was  evaporated  at  40*  to  dryness,  in  which  connection  an 
individual  compound  could  not  be  isolated  from  the  black-green  residue. 

o-Benzoquinone  dioxime  [5].  A  solution  of  37  g  of  hydroxylamine  hydrochloride  in  75  ml  of  water  was 
added  to  a  solution  of  24.7  g  of  benzofuroxan  in  360  ml  of  methyl  alcohol,  and  then  the  reaction  mixture  was 
heated  on  the  water  bath  for  30  minutes  at  50*.  After  cooling  to  room  temperature,  30%  sodium  hydroxide  so¬ 
lution  was  added  from  a  dropping  funnel  until  nitrogen  evolution  ceased.  The  sodium  chloride  was  filtered,  the 
filtrate  was  diluted  with  500  ml  of  water,  then  acidified  with  acetic  acid,  the  yellow  precipitate  suction-filtered, 
washed  with  water,  then  precipitated  from  ammonia  solution  with  hydrochloric  acid  (d  1.04),  and  finally  recrystal¬ 
lized  from  alcohol.  We  obtained  13.2  g  of  o-benzoquinone  dioxime  with  m.p.  144*  (with  decompn.);  yield  52,67%. 

Reaction  of  o-benzoquinone  dioxime  with  thionyl  chloride.  Thionyl  chloride  (1  ml)  was  added  in  drops  and 
with  stirring  to  a  suspension  of  0.5  g  of  the  dioxime  in  50  ml  of  benzene.  After  stirring  for  1  hour  the  mixture 
was  filtered  and  the  filtrate  was  evaporated  in  the  air  to  dryness.  The  residue  after  recrystallization  from  dilute 
alcohol  had  m.p.  41-44*.  The  mixed  melting  point  with  authentic  benzofurazan  was  not  depressed. 

Reaction  of  o-benzoquinone  dioxime  with  sulfinylaniline.  Sulfinylaniline  (1  ml)  was  added  in  drops  and 
with  constant  stirring  to  a  solution  of  the  dioxime  in  20  ml  of  anhydrous  alcohol.  After  heating  on  the  boiling 
water  bath  for  10  minutes  the  alcohol  solution  was  evaporated  to  dryness  and  the  residue  was  treated  with  dilute 
hydrochloric  acid  (d  1.04);  the  obtained  precipitate  had  m.p.  41-44*.  The  mixed  melting  point  with  authentic 
benzofurazan  was  not  depressed. 

Reaction  of  o-benzoquinone  dioxime  with  sulfur  dtchloride.  A  solution  of  1  ml  of  sulfur  dichloride  in  5  ml 
of  benzene  was  added  in  drops  and  with  constant  stirring  to  a  suspension  of  1  g  of  the  dioxime  in  20  ml  of  dry 
benzene  at  room  temperature.  The  mixmre  was  filtered,  the  benzene  filtrate  evaporated,  and  the  residue  dried. 

We  obtained  0,7  g  of  compound  (63.57%),  which  after  recrystallization  from  water  had  m.p.  81-83*.  The  compound 
was  obtained  as  slender  yellow  needles,  which  evolved  hydrogen  sulfide  when  reduced  with  zinc  dust  in  the  presence 
of  dilute  hydrochloric  acid. 

Found  %:  C  47.78,  48.14;  H  2.65,  2.72;  N  18.13,  18.47;  S  21.00,  21.16.  CgH^ON^.  Calculated  %: 

C  48.00;  H  2.66;  N  18.67;  S  21.34. 

SUMMARY 

1.  The  possibility  of  synthesizing  2,1,3 -benzothiadiazole  derivatives  by  the  reaction  of  either  benzofuroxan 
or  o-benzoquinone  dioxime  with  phosphoms  pentasulfide,  and  also  with  hydrogen  sulfide,  was  investigated;  here 
it  was  established  that  benzofuroxan  does  not  react  with  the  indicated  compounds,  while  o-benzoquinone  dioxime 
is  converted  to. benzofurazan. 

2.  The  behavior  of  thionyl  chloride,  sulfinylaniline  and  sulfur  dichloride  toward  o-benzoquinone  dioxime 
was  investigated,  and  here  it  was  found  that  the  first  two  promote  dehydration  (benzofurazan  is  formed);  the 
reaction  of  o-benzoquinone  dioxime  with  sulfur  dichloride  yields  2, 1,3 -benzothiadiazole  oxide. 
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CATALYTIC  PREPARATION  OF  KETONES  FROM  A  MIXTURE  OF 


n-BUTYRIC  ACID  AND  ETHYL  ALCOHOL 
G.  V.  Golodnikov,  B.  N.  Dolgov  and  L.  N,  Propp 


In  a  previous  paper  [1]  we  reported  that  the  passage  of  a  mixture  of  acetic  acid  and  n -butyl  alcohol  over 
Cr— Mn  catalyst  yields  methyl  propyl  ketone,  and  together  with  it.  the  symmetrical  ketones, acetone  and  dipropyl 
ketone.  The  scheme  proposed  by  us  for  the  reaction  postulated  decomposition  of  the  initially  formed  ester  (butyl 
acetate)  to  aldehydes,  followed  by  aldol  condensation  of  the  latter,  and  subsequent  transformation  of  the  aldol  to 
methyl  propyl  ketone. 

The  present  paper  is  a  continuation  of  our  studies  on  the  synthesis  of  mixed  ketones  from  mixtures  of  acids 
and  alcohols.  As  the  study  subject  in  the  present  case  we  selected  a  mixture  of  ethyl  alcohol  and  n -butyric  acid. 
This  mixture  is  interesting  for  the  reason  that  ethyl  butyrate,  postulated  as  being  the  intermediate  product  in  the 
present  ketonization,  is  metameric  with  butyl  acetate,  postulated  as  being  the  intermediate  product  in  the  ketoni 
zation  of  a  mixture  of  acetic  acid  and  n-butyl  alcohol.  Subsequent  transformations  of  the  indicated  metameric 
esters  should  lead  to  obtaining  the  same  aldehydes,  namely  acetaldehyde  and  butyraldehyde.  Consequently,  the 
observed  formation  of  the  same  ketones  as  the  result  of  reaction,  i.e.  of  methyl  propyl  ketone,  acetone  and  di¬ 
propyl  ketone,  confirms  to  a  certain  degree  the  validity  of  the  proposed  mechanism  for  the  ketonization  of  mix¬ 
tures  of  acid  and  primary  alcohols.  The  formation  of  a  mixed  ketone  proceeds  by  the  following  scheme; 


RCHoCOOH -H  R'CH.,OH  RCHgCOOCHoR'  R'CHO  ^  RCH..CHO, 

CT 


R'CHO -H  RCH.,jCHO  — ^ 


R'CHOHCHR 

I 

CHO 


-  ^  R'COCHoR. 

-H, 


For  a  mixture  of  ethyl  alcohol  and  n-butanoic  acid,  R  -  CjHs  and  R’  -  CH3.  For  a  mixture  of  acetic  acid  and 
n-butyl  alcohol  R=  H  and  R*  =  C3H7. 

The  experiments  with  a  mixture  of  n-butyric  acid  and  ethyl  alcohol  were  run  in  the  presence  of  additional 
hydrogen,  added  in  a  mole  ratio  of  1  ;  1  on  the  mixture.  The  experimental  conditions  and  results  are  given  in 
Tables  1-3.  The  following  conditions  proved  to  be  most  favorable  for  the  methyl  propyl  ketone  yield  (21.77o); 
temperature  420*,  space  velocity  80,  and  component  ratioin  the  mixture  1  ;  1.  An  Increase  in  the  amounts  of  esters 
and  butyraldehyde  with  increase  in  the  space  velocity  to  160  is  evidence  that  the  time  of  contact  is  too  short  to 
permit  further  transformations,  i.e.  decomposition  of  the  ester  to  aldehydes  and  subsequent  condensation  of  the 
aldehydes. 

A  preponderance  of  n-butyric  acid  in  the  mixture  leads  to  increasing  the  yield  of  dipropyl  ketone,  while 
increasing  the  amount  of  ethyl  alcohol  causes  some  increase  in  the  yield  of  acetone. 

A  substantial  reduction  in  the  yield  of  methyl  propyl  ketone  is  observed  when  the  hydrogen  is  omitted  (Table 
1,  Expt.  7).  Here  the  yield  of  dipropyl  ketone  remained  practically  unchanged,  since  the  ketonic  decomposition 
of  acids  and  oxide  catalysts  does  not  require  the  additional  introduction  of  hydrogen. 

The  total  yield  of  ketones  under  the  optimum  conditions  was  52.3%  on  the  weight  of  starting  mixture  (Table 
1,  Fxpt.  6). 
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TABLE  1 


Experiment  Conditions:  Space  Velocity  80,  Mole  Ratio  of  Etliyl  Alcohol  and  n-Butyric 
Acid  1  :  1 


j  Yield  (in  %  on  starting  mixture) 

Expt.  No. 

Temperature 

acetone 

methyl  pro¬ 
pyl  ketone 

dipropyl 

ketone 

esters 

butyralde- 

hyde 

1 

250" 

0.0 

0.0 

5.8 

25.6 

0.0 

2 

300 

0.0 

0.0 

12.3 

41.2 

1.6 

3 

350 

0.0 

0.0 

16.6 

34.0 

1.0 

4 

380 

0.0 

0.0 

16.9 

26.1 

0.9 

5 

400 

0.0 

7.4 

22.2 

23.0 

0.8 

6 

420 

1.9 

21.7 

28.7 

6.9 

0.0 

7 

420 

4.0 

14.3 

27.0 

2.2 

0.0 

8 

440 

3.3 

20.5 

24.7 

2.9 

0.0 

9 

460 

4.3 

17.3 

22.2 

0.0 

0.0 

10 

480 

3.1 

12.4 

19.0 

0.0 

0.0 

TABLE  2 

Experiment  Conditions:  Temperature  420",  Mole  Ratio  of  Ethyl  Alcohol  and  n-Butyric 
Acid  1  :  1 


Space 

velocity 

Yield  (in  ‘lib  on  starting  mixture) 

acetone 

methyl  propyl 
ketone 

dipropyl 

ketone 

esters 

butyraldehyde 

40 

4.3 

20.5 

25.9 

6.1 

0.9 

80 

1.9 

21.7 

28.7 

6,9 

0.0 

120 

1.3 

15.7 

31.9 

11.7 

0.0 

160 

0.0 

11.4 

27,8 

17.7 

7.5 

TABLE  3 

Experiment  Conditions:  Temperature  420*,  Space  Velocity  80 


Mole  ratio  of 

Yield  (in  ‘5b  on  starting  mixture) 

n-butyric 
acid  and 

methyl  pro- 

dipropyl 

ethyl  alcohol 
in  mixture 

acetone 

pyl  ketone 

ketone 

esters 

butyraldehyde 

2  :  1 

1.7 

13.5 

42.1 

2.5 

0.8 

1  :  1 

1.9 

21.7 

28.7 

6.9 

0.0 

1  :  2 

6.1 

15.0 

22.1 

1.6 

1.3 

EXPERIMENTAL 

For  the  apparatus,  method  of  operation  and  analysis  of  reaction  products  see  [2].  The  catalyst  was  prepared 
using  the  directions  of  V.  V.  Mazurek  [3], 

Starting  substances:  rectified  ethyl  alcohol  (95,5*70);  the  redistilled  n-butyric  acid  had  b.p.  161-162*, 
d*®  0.957,  n*“D  1.3995. 
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The  experiments  were  all  run  by  the  same  method,  for  which  reason  only  one  experiment  is  described  (Expt. 

G,  Table  1).  A  mixture  of  etliyl  alcohol  and  n-butyric  acid  (mole  ratio  1  :  1)  weighing  43.6  g  was  passed  over  the 
catalyst  at  420*  and  a  space  velocity  of  80.  The  yield  of  condensate  was  40.1  g  (91.97o).  The  yields  of  reaction 
products  based  on  the  distillation  data  and  analysis  of  the  fractions  were  (in  °lo  of  the  condensate):  acetone  2.1, 
methyl  propyl  ketone  22.8,  dipropyl  ketone  30.9,  and  ester  7.5.  Analysis  of  the  gas  from  the  experiment  (in  volume 
7o):  60.0.  COj  24.7,  CO  4.0,  CnHjf,  2.5. 

The  condensates,  obtained  from  the  experiments,  were  fractionally  distilled  through  a  rectification  column. 
The  following  fractions  were  usually  obtained  in  the  distillations:  1st  54-60*,  2nd  60-80*,  3rd  80-100*,  4th  100-150*, 
5th  105-125*,  6th  125-140*,  7th  140-145*  and  residue.  The  obtained  fractions  were  analyzed  for  the  amount  of 
ketones,  aldehydes,  acids  and  esters.  Similar  fractions  from  the  different  experiments  were  combined  for  the  purpose 
of  redistillation  and  isolation  of  pure  compounds.  The  properties  of  the  obtained  ketones  are  given  in  Table  4. 


TABLE  4 
Properties  of  Ketones 


Boiling  point 

d 

20 

4 

n% 

Melting  point  of 
semicarbazone 

Name  of  ketone 

found 

literature 

data 

found 

literature 

dau 

found 

literature 

data 

found 

literature 

data 

Acetone . 

Methyl  propyl 

56.0- 

57.3* 

56* 

0.7924 

0.7912 

1.3593 

1.3590 

186.0- 

186.5* 

188* 

ketone . 

101.5- 

102.5 

102.3 

0.8077 

0.8064 

1.3905 

1.39012 

110-111 

112 

Dipropyl  ketone  .  . 

142-143 

144 

0.8163 

0.8175 

1.4071 

1.4073 

131.5- 

132 

133 

Acetone  was  isolated  from  the  1st  fraction  by  repeated  fractional  distillation.  The  2nd  fraction,  represent¬ 
ing  4-6% of  the  total  weight  of  condensates,  contained,  besides  unchanged  ethyl  alcohol,  also  butyraldehyde,  de¬ 
termined  by  the  method  described  in  [4].  The  3rd  fraction  was  an  azeotropic  mixture  of  methyl  propyl  ketone  and 
water.  The  4th  fraction  was  nearly  pure  methyl  propyl  ketone.  The  5th  fraction,  representing  3 -6%  of  the  total 
weight  of  condensates,  contained  methyl  propyl  ketone  and  ethyl  butyrate,  determined  by  the  usual  analysis  method. 
The  6th  fraction  contained  a  small  amount  of  dipropyl  ketone.  The  7tli  fraction  was  nearly  pure  dipropyl  ketone. 

The  residues,  representing  6-10%  of  the  total  weight  of  condensates,  contained  up  to  40%  of  dipropyl  ketone. 

The  composition  of  the  gas  was  characterized  by  a  large  content  of  (60-65%),  CXD2  (20-25%)  and  CO 
(5-10%). 

SUMMA  RY 

1.  The  passage  of  a  mixture  of  n-butyric  acid  and  ethyl  alcohol  over  Cr— Mn  catalyst  gave  a  22%  yield  of 
methyl  propyl  ketone  based  on  the  weight  of  starting  mixture,  and  also  a  28%  yield  of  dipropyl  ketone  and  a  2% 
yield  of  acetone. 

2.  A  scheme  was  proposed  for  the  formation  of  mixed  ketones  from  mixtures  of  acids  and  primary  alcohols. 
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EFFECT  OF  PRELIMINARY  THERMAL  DESTRUCTION  ON  THE  OXIDIZABILITY 


OF  METHANE  HYDROCARBONS 

V.  G.  Gavrilov  and  S.  A.  Velichko 


The  problem  of  the  oxidation  of  hydrocarbons  has  been  the  subject  of  a  large  number  of  papers, 
associated  both  with  a  study  of  the  phenomenon  of  knock  in  internal  combustion  engines  and  with  the  obtaining  of 
various  oxygen-containing  compounds  having  independent  interest  during  the  oxidation  process.  In  these  papers 
different  oxidation  mechanisms  were  proposed  [1],  the  effect  of  the  structure  of  saturated  hydrocarbons  on  their 
oxidizability  was  studied  [2],  and  a  quantitative  study  was  made  of  the  oxidizability  of  various  methane  hydrocar¬ 
bons  under  the  same  conditions  [3].  With  the  same  time  of  oxidation,  temperature,  rate  of  oxygen  passage  and  in¬ 
tensity  of  irradiation  with  ultraviolet  light  the  tendency  shown  by  Cs  ~  Cg  hydrocarbons  of  normal  structure  to  oxi¬ 
dize  decreases  with  increase  in  the  chain  length,  while  all  of  the  iso  hydrocarbons,  with  the  exception  of  isooctane, 
are  more  susceptible  to  oxidation  than  are  their  analogs  of  normal  structure  [3].  It  is  known  that  the  octane  numbers 
in  the  indicated  series  of  normal  methane  hydrocarbons  decrease  with  increase  in  the  chain  length,  and  that  all  of 
the  iso  hydrocarbons  have  higher  octane  numbers  than  do  their  analogs  of  normal  structure.  The  value  of  the  octane 
number  characterizes  the  resistance  to  knock,  the  final  reason  for  which  is  oxidation. 


TABLE  1 


Hydrocarbon 

Boiling  point 

a  4 

n*®D 

n-Hexane  . 

68.5* 

0.6609 

1.3750 

2,3-Dimethylbutane . 

58.2* 

0.6622 

1.3748 

n -Heptane . 

98.4 

0.6830 

1.3874 

2-Methylhexane . 

89.7 

0.6890 

1.3854 

n -Octane . 

124.5 

0.7022 

1.3970 

2,5-Dimethylhexane . 

109.8 

0.6952 

1.3930 

2,2,4-Trimethylpentane . 

99.8 

0.6923 

1.3912 

n -Nonane . 

149.5 

0.7166 

1.4050 

When  the  above  considerations  were  compared  with  the  results  given  in  [4],  where  the  relationship  between 
the  octane  numbers  of  methane  hydrocarbons  and  the  initial  temperature  of  their  decomposition  was  shown,  it 
proved  possible  to  postulate  that  the  oxidation  of  hydrocarbons  is  not  the  primary  process  in  an  internal  combustion 
engine.  The  primary  process  is  the  thermal  destmction  of  hydrocarbons,  determining  further  oxidation,  which  may 
proceed  with  normal  rates  or  with  unusual  rapidity,  accompanied  by  knock. 

To  verify  this  postulation  was  the  task  of  the  present  study  on  the  preliminary  thermal  destmction  of  hydro¬ 
carbons  and  their  subsequent  oxidation  under  the  same  conditions.  We  took  8  hydrocarbons  for  study  (Table  1). 

Partial  thermal  decomposition  of  all  of  the  investigated  hydrocarbons  prior  to  their  oxidation  was  run  in  a 
quartz  tube,  placed  in  a  furnace  at  400*.  The  given  temperature  was  chosen  for  the  reason  that  all  of  the  indicated 
hydrocarbons  suffer  initial  thermal  decomposition  before  300*  [4].  The  hydrocarbons  were  admitted  into  the  tube 
at  a  rate  of  10  ml  per  minute.  A  vaporizer  was  placed  ahead  of  the  tube,  and  here  the  temperature  was  maintained 
10*  higher  than  the  boiling  point  of  the  investigated  hydrocarbon.  To  avoid  explosion,  a  slow  stream  of  nitrogen. 
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(constant  in  all  of  the  experiments)  was  passed  through  the  tube  simultaneously  with  the  hydrocarbon. 

After  thermal  destruction  the  hydrocarbons  were  subjected  to  oxidation,  which  took  place  in  a  quartz  vessel 
through  which  oxygen  was  passed  at  a  rate  of  10  ml  per  minute.  The  time  of  oxidation  was  100  hours,  tempera¬ 
ture  50*,  distance  between  the  vessel  and  a  quartz  lamp  20  cm,  and  amount  of  hydrocarbon  35  ml. 


TABLE  2 


Hydrocarbon 

Hydroperoxide 
oxygen  ( in  %) 

Carboxyl 
oxygen (in  %) 

Alcohol  and 
water  oxygen 
(in  %) 

Carbonyl 
oxygen  (in  *51)) 

Total  amount 
of  oxygen  ab¬ 
sorbed  (in 

n-Hexane  . 

0.01 

0.13 

0,73 

0.26 

1,03 

2,3-Dimethylbutane  . 

1.12 

1.48 

5.79 

5,97 

14.36 

n -Heptane . 

0.22 

0.15 

0.75 

1.96 

3.08 

2-MethyIhexane . 

0.32 

0.79 

2.14 

2.05 

5.20 

n -Octane . 

0.35 

0.23 

1,22 

2.15 

3.95 

2,5-DimethyIhexane . 

1.26 

1.54 

5.83 

6.80 

15.43 

2,2,4-TrimethyIpentane . 

0.18 

0.19 

1.06 

1.73 

3.16 

n-Nonane  . 

0.44 

0.35 

1.30 

2.20 

4.29 

The  oxidized  hydrocarbons  were  analyzed  for  hydroperoxide  oxygen  by  the  stannometric  method  [5],  for 
active  hydrogen  by  the  Terent’ev  method,  for  carboxyl  oxygen  by  titration  with  phenolphthalein  as  the  indicator, 
and  for  carbonyl  oxygen  spectro|^otometrically  [6].  The  amount  of  alcohol  and  water  oxygen  was  determined  by 
calculation.  The  experimental  results  are  given  in  Table  2. 

SUMMARY 

1.  The  oxidizability  of  the  following  hydrocarbons;  n-hexane,  2,3-dimethylbutane,  n-heptane,  2-methyl- 
hexane,  n-octane,  2,5-dimethylhexane,  2,2,4-trimethylpentane  and  n-nonane  was  investigated  after  preliminary 
thermal  destruction  at  400*. 

2.  It  was  shown  that  the  tendency  of  Cj  —  C9  hydrocarbons  of  normal  structure  to  oxidize  is  increased  by 
such  preliminary  thermal  treatment,  in  contrast  to  a  decrease  in  the  oxidizability  of  the  same  series  of  hydro¬ 
carbons  when  not  exposed  to  thermal  treatment. 
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THE  PROBLEM  OF  THE  HYDROGEN  BOND  IN  MECONIC  ACID 
M.  I.  Goriaev,  V.  S.  Volkova  and  G.  A.  Tolstikov 


As  is  known  [1-3],  the  presence  of  an  intramolecular  hydrogen  bond  in  a  molecule,  containing  a  hydroxyl 
and  a  carboxyl  group  in  the  ortho  positions,  changes  the  behavior  of  these  groupingssubstantially.  For  phenols, 
containing  an  intramolecular  hydrogen  bond,  the  following  are  observed:  the  absence  of  an  abnormal  value  for  the 
molecular  weight  when  determined  in  a  neutral  solvent,  a  reduction  in  the  acidity,  and  a  difficult  formation  of 
esters.  Involving  the  carboxyl  group  in  an  intramolecular  hydrogen  bond  leads  to  an  increase  in  the  acidity,  an  in¬ 
creased  difficulty  of  esterification,  and  an  easier  decarboxylation. 

Proceeding  from  the  above,  we  made  a  study  of 
a  number  of  3 -hydroxy -4-pyrone  derivatives.  All  of 
the  derivatives  were  obtained  from  meconic  acid,  which 
was  isolated  from  the  wastes  of  the  opium  industry,  the 
so-called  "meconates." 

It  is  possible  to  elucidate  the  character  of  the 
intramolecular  hydrogen  bond  in  meconic  acid  by 
comparing  the  properties  of  the  hydroxyls  and  carboxyls 
'  in  meconic  and  comenic  acids,  since  in  the  latter  it 

\'i,o  is  possible  to  close  the  hydrogen  bond  only  in  the  car¬ 

bonyl-containing  ring. 

Determination  of  the  molecular  weight  of  the 
ethyl  esters  of  comenic  and  meconic  acids,  which  we 
ran  cryoscopically  in  naphthalene,  revealed  that  the 
comenic  acid  ester  shows  the  greater  tendency  to 
Fig.  1.  Diagram  of  the  meconic  acid  molecule  with  associate.  It  is  possible  to  explain  this  by  different 

the  interatomic  distances  taken  into  account.  degreesof  hydroxyl  bonding  in  these  compounds. 

Apparently,  the  hydroxyl  of  meconic  acid  takes  part 
in  the  formation  of  the  more  stable  hydrogen  bond.  This  postulation  becomes  especially  convincing  if  we  turn  to 
die  diagram  of  the  meconic  acid  molecule,  constructed  in  such  manner  as  to  retain  the  interatomic  distances  and 
valence  angles  (Fig.  1).  We  conditionally  took  thelengtii  of  the  C-C  bonds  in  the  y  -pyrone  ring  as  equal  to  1.39  A, 
the  same  as  in  the  case  of  benzene. 
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It  is  known  [4]  that  one  of  the  important  factors  determining  the  stability  of  the  hydrogen  bond  0-H  .  .  .  O 
is  the  distance  H  .  .  .  O. 

The  data  shown  in  the  diagram  permit  giving  preference  to  the  theory  that  the  hydrogen  bond  in  meconic 
acid  is  of  die  (I)  type,  since  in  this  case  the  interatomic  distance  O— H  ...  O  is  0.4  A  less  than  in  the  case  of 
hydrogen-bond  closure  according  to  type  (II). 

Potentiometric  measurement  of  the  dissociation  constants  of  meconic,  comenic  and  pyromeconic  acids  re¬ 
vealed  the  pyromeconic  acid  (3 -hydroxy -4-pyrone)  when  titrated  behaves  as  a  typical  weak  acid.  Its  dissociation 
constant  has  the  value  2.2  •  10‘*.  It  is  interesting  to  mention  that  as  an  acid  the  hydroxypyrone  is  100  times  stongei 
than  phenol.  This  fact,  reasoning  from  a  similar  increase  in  the  strength  of  pyromucic  acid  when  compared  with 
benzoic  acid,  may  be  explained  by  the  influence  of  the  hetero  atom  [5]. 

The  titration  curve  of  comenic  acid  has  two  distinct  jumps,  corresponding  to  the  dissociation  of  the  carboxyl 
and  the  hydroxyl.  The  dissociation  constants  have  the  values;  Ki=  1.7  •  10"*,  Kj[=  3.6  *  10’*.  Consequently,  the 
nature  of  the  bonding  of  the  hydroxyl  hydrogen  in  comenic  and  pyromeconic  acids  is  approximately  the  same.  A 
slight  Increase  in  the  acidity  of  the  comenic  acid  hydroxyl  is  due  to  the  acceptor  action  of  the  carboxyl. 

The  following  dissociation  constants  were  obtained  for  meconic  acid;  Ki=  6.4  *  10’*  —  2.5  •  10’*,  K2  = 

=  1.6  •  10  *,  K3  =  1.5  •  10"*®.  The  presence  of  a  hydrogen  bond  of  type  (I)  in  meconic  acid  led,  as  was  to  be 
expected,  to  an  increase  in  the  acidity  of  the  carboxyl  group  and  to  a  decrease  in  the  acidity  of  the  hydroxyl  group 
when  compared  to  comenic  acid.  As  an  acid  the  dimeconate  ion  is  250  times  weaker  than  die  monomeconate  ion. 

When  a  comparative  study  was  made  of  the  alkylation  and  benzoylation  of  the  hydroxyls  in  the  diethyl  ester 
of  meconic  acid  and  the  ethyl  ester  of  comenic  acid  we  found  that  whereas  the  hydroxyl  of  the  comenic  acid  ester 
is  alkylated  in  quantitative  yield  by  diazomethane,  the  hydroxyl  of  the  meconic  acid  ester  is  nonreactive  under  these 
conditions.  We  were  able  to  obtain  the  alkyl  derivative  of  the  meconic  acid  ester  by  reaction  of  the  latter  with 
ethyl  iodide  in  the  presence  of  dry  silver  oxide.* 

Three  different  methods  were  used  by  us  to  benzoylate  the  esters  of  comenic  and  meconic  acid;  a)  direct 
reaction  with  benzoyl  chloride,  b)  by  the  Schotten-Baumann  method,  and  c)  by  the  Spasov  method.  The  benzoate 
of  the  comenic  acid  ester  was  obtained  by  any  of  the  above-mentioned  methods  in  80-85‘5fc  yields.  We  were  able 
to  obtain  the  benzoate  of  the  meconic  acid  ester  by  only  one  of  the  above-mentioned  methods.  The  difficult  alkyl¬ 
ation  and  benzoylation  of  the  meconic  acid  hydroxyl  is  due  to  a  reduction  in  the  lability  of  the  hydroxyl  hydrogen, 
which  participates  in  the  formation  of  a  stable  hydrogen  bond  of  the  (I)  type. 

The  fact  that  meoonic  acid  can  be  decarboxylated  supports  the  validity  of  the  postulation  that  a  hydrogen 
bond  of  the  (I)  type  is  present.  Meconic  acid  suffers  decarboxylation  when  heated  above  120*,  while  comenic  acid 
is  decarboxylated  when  heated  at  300*.  It  should  be  mentioned  that  chelidonic  acid,  devoid  of  a  hydroxyl,  is  decar¬ 
boxylated  at  a  temperature  exceeding  200*  [7]. 


EXPERIMENTAL 

Etherification  of  the  Hydroxyl  Group 


.  Preparation  of  the  methylate  of  ethyl  comenate.  A  suspension  of  1.84  g  of  ethyi  comenate  in  20  ml  of  dry 
ether  was  treated  under  cooling  with  an  ether  solution  of  diazomethane  (2  g-mole).  Here  the  ethyl  ester  dissolved 
completely,  and  the  solution  after  standing  for  10-12  hours  deposited  the  ethyl  ester  of  3 -methoxy -4-pyrone -6 -car¬ 
boxylic  acid.  After  two  recrystallizations  from  benzene  the  obtained  compound  melted  at  156-157*,  and  failed 
to  give  a  color  with  ferric  chloride. 

Found  <70;  0  55.06,55.18;  H  5.41,  5.32.  CjHioOs.  Calculated  ^o:  C  54.55;  H  5.05. 

Preparation  of  triethyl  meconate.  A  mixture  of  2.5  g  of  diethyl  meconate  and  4.5  g  of  ethyl  iodide  in  25  ml 
of  dry  ether,  contained  in  a  flask  fitted  with  a  reflux  condenser,  was  treated  in  small  portions  with  3.45  g  of  dry 
powdered  silver  oxide,  and  the  mixture  heated  on  the  water  bath  until  the  precipitation  of  silver  iodide  ceased. 

*  Peratoner  obtained  the  trietliylate  of  meconic  acid  by  reacting  ethyl  iodide  with  the  trisilver  salt  [6]. 
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Then  the  trlethyl  ineconate  was  extracted  from  the  cooled  residue  with  ether  and  purified  by  recrysulllzation  from 
anhydrous  alcohol.  M.p.  60-61*. 

Benzoylation  of  ethyl  comenate.  The  direct  reaction  of  benzoyl  chloride  with  ethyl  comenate  by  the  G.  A. 
Garkusha  method  [8]  gave  the  benzoate  of  ethyl  comenate.  We  were  also  able  to  obtain  the  benzoate  in  com¬ 
parable  yields  by  benzoylation  using  the  Schotten-Baumann  [9]  and  Spasov  [10]  methods. 


TABLE  1 


Name  of  compound 

Concentration 

M 

Increase  in  found 

(in  g-mole 

AT 

molecular  weight 

per  1000  g) 

found 

calculated 

over  the  calculated 

(in*^) 

Ethyl  comenate 

0.16 

0.38 

0.97 

2.00 

209 

241 

184 

13.5 

31.0 

Ethyl  meconate 

0.12 

0.26 

0.80 

1.68 

264 

268 

256 

3,2 

4.7 

a)  Benzoylation  by  the  Schotten-Baumann  method.  Three  grams  of  the  comenic  acid  ester  was  dissolved 
In  25  ml  of  potassium  hydroxide  solution  in  a  wide -mouth  flask  with  ground  glass  stopper.  The  obtained  so¬ 
lution  was  treated  with  stirring  in  small  portions  with  2.4  ml  of  benzoyl  chloride.  When  the  odor  of  benzoyl 
chloride  had  disappeared  the  reaction  mixture  was  poured  over  ice.  The  precipitate  of  the  benzoate  of  ethyl 
comenate.  obtained  as  needles,  was  recrystallized  from  alcohol. 


pH 


Fig.  2.  Curve  for  the  tiration  of  25  ml  Fig.  3.  Curve  for  the  titration  of 

of  0.01  M  pyromeconic  acid  solution  25  ml  of  0.0115  M  comenic  solution 

with  0,13  N  NaOH  solution.  with  0.134  N  NaOH  solution. 

b)  Benzoylation  by  the  Spasov  method.  A  solution  of  1,84  g  of  ethyl  comenate  in  20  ml  of  benzene  was 
treated  with  1.3  ml  of  benzoyl  chloride  and  0.15  g  of  magnesium.  The  mixture  was  heated  in  a  glycerin  bath  at 
110-120*  for  4  hours.  The  reaction  mixture  was  treated  with  saturated  soda  solution  to  remove  excess  unreacted 
benzoyl  chloride  and  comenic  acid  ester.  The  residue  was  recrystalllzed  from  alcohol.  The  yield  of  ethyl  com¬ 
enate  benzoate  was  80*^  by  both  benzoylation  medtods. 

The  melting  point  of  the  benzoates,  obtained  by  the  different  methods,  was  115-116*. 
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and  Comenlc  Acids 

A  Beckmann  apparatus  was  used  to  determine  the  molecular  weights.  Twlce~sublimed  naphthalene  with 
m.p.  79,6*  was  taken  as  the  solvent.  The  results  of  the  cryoscoplc  determination  of  the  molecular  weights  of  the 
ethyl  esters  of  meconic  and  comenlc  acids  are  given  in  Table  1. 

Determination  of  dissociation  constants.  For  this  we  used  water  solutions  of  carefully  purified  acids  and 
carbonate -free  sodium  hydroxide  solution.  The  titrations  were  run  in  a  nitrogen  atmosphere  using  an  LP-5  pH 
meter  and  glass  electrode. 

TABLE  2 

‘'acid  =  ‘'alkali  =  0-1340  N  (at  17*) 


NaOH 
(in  ml) 

pH 

(C»H,o,(OHx:oo-)  •  10» 

IC,H,0,(OH)COOH] 

Jt,  •  10* 

0 

2.12 

7.57 

3.93 

1.46 

0.2 

2.17 

7.81 

3.59 

1.47 

0.6 

2.28 

8.39 

2.83 

1.55 

1.0 

2.43 

8.87 

2.21 

1.49 

1.4 

2.58 

9.74 

1.13 

2.27 

1.6 

2.73 

9.92 

0.88 

2.09 

2.0 

3.35 

10.38 

0.28 

1.66 

^average  ■  ^0  * 


a)  Pyromeconic  acid  (CsHjO|OH).  From  the  titration  curve  of  an  0.01  M  solution  (Fig.  2)  it  can  be  seen 
that  pyromeconic  acid  is  a  very  weak  acid.  Since  its  pK  lies  in  the  range  3-8,  then  its  dissociation  constant  is 
easily  found  from  the  mle ;  pK  =  pH  at  the  half -neutralization  point.  It  has  the  value  2.2  •  10"*. 


pH 


Fig.  4,  Curve  for  the  titration  of  25  ml 
of  0.0106  M  meconic  acid  solution  with 
0.145  N  NaOH  solution. 


b)  Comenlc  acid  [C5H;0;(OH)CCX)H].  The  curve  for  the 
titration  of  an  0.0115  M  comenic  acid  solution  with  sodium  hy¬ 
droxide  solution  is  shown  in  Fig.  3.  The  dissociation  constant  of 
the  carboxyl  group  exceeds  10"*,  for  which  reason  it  was  calculated 
by  the  method  used  in  the  case  of  j^osphoric  acid  [11].  As  the 
value  of  the  dissociation  constant  of  the  carboxyl  group  in  comenlc 
acid  we  took  the  average  value  (Table  2)  of  the  dissociation  con¬ 
stant  calculated  by  the  equation 

„  [H-]  [CgH^OaCOHlCOO-] 

^  “  |C5H202(0H)C00H1  • 

As  is  shown  in  the  table,  the  dissociation  constant  of  the 
carboxyl  group  in  comenic  acid  has  the  value  Kj  =  1.7  •  10"*, 

The  dissociation  constant  of  the  hydroxyl  group  in  comenic  acid 
is  easily  found  using  the  rule:  pH=  pK  at  the  ha  If -neutralization 
point.  It  is  equal  to  K2  =  3,6  •  10  *. 

c)  Meconic  acid  [CsHOtfOHXCOOH);].  Meconic  acid  when 
titrated  behaves  as  a  strong  acid.  A  sharp  jump  on  the  curve 
(Fig.  4)  corresponds  to  the  neutralization  of  two  equivalents  of 
caustic.  We  calculated  the  dissociation  constant  of  the  second 
carboxyl  group  in  meconic  acid  in  the  same  manner  as  for  the 
case  of  comenic  acid  and  obtained  K2  =  1.6  •  10  *.  The  absence 
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of  an  inflection  in  the  region  of  neutralizing  the  first  carboxyl  grou  indicates  that  in  meconic  acid  4<  K^/K^k  16, 
while  the  value  of  the  dissociation  constant  of  the  first  carboxyl  should  lie  in  the  range  6,4  •  10“*  -2.5  •  10"^,  To 
determine  the  dissociation  constant  of  the  hydroxyl  group  in  meconic  acid  we  titrated  a  0,1  M  solution  of  disodium 
meconate  with  0.4380  N  NaOH  solution.  The  dissociation  consunt  was  calculated  using  the  equation  [12] 

pK  =  pH  Igr  /  —  Ijf  /  , 


where  1”"  is  the  amount  of  the  diion  C5HOj(OHXCOO”)j  (in  g-mole),  I"“”  is  the  amount  of  the  triion  CsHOjfO")- 
(COO")2  (in  g-mole),  and  1'*  +  I  is  the  total  amount  of  disodium  meconate.  In  view  of  the  fact  that  the  triion 
tends  to  hydrolyze,  it  is  necessary  to  make  a  correction  for  the  concentration  of  OH  ions  in  the  solution, 

I - .  H  .  10-3  _ „  .  .  10-3, 

where  vqj^  •  H  •  10”*  is  the  number  of  g-equiv  of  added  caustic,  and  v  is  the  total  volume  of  the  solution. 

The  third  dissociation  constant  of  meconic  acid  has  the  value  K3=  1.5  *  10“^®. 

SUMMARY 

1.  It  was  shown  that  a  stable  intramolecular  hydrogen  bond,  closed  into  a  six-membered  ring,  is  present  in 
meconic  acid. 

2.  The  dissociation  constants  of  meconic,  comenic  and  pyromeconic  acids  were  determined  by  potentiometric 
titration. 

3.  The  previously  unknown  ethyl  ester  of  3-methoxy-4-pyrone-6-carboxylic  acid  was  synthesized. 
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ORGANIC  SULFUR  COMPOUNDS 


III.  PROPERTIES  OF  HALOALKENE-,  ALKENE-  AND  HALOALKENESULFONYL  FLUORIDES 

B.  M.  Gladshtein,  V.  N.  Chernetskii,  M.  I.  Kiseleva  and  L.  Z.  Soborovskii 

As  had  been  found  earlier  [1],  potassium  fluoride  is  not  only  a  fluorination  agent,  but  it  abo  functions  as  an 
agent  for  the  dehydrohalogenation  of  the  halo  derivatives  of  alkanesulfonyl  chlorides,  converting  them  into  un¬ 
saturated  sulfonyl  fluorides. 

In  the  present  study  it  was  established  that  die  halo  derivatives  of  alkanesulfonyl  fluorides  are  also  capable 
of  undergoing  similar  transformations. 

Thus,  S.fl  -dichloroedianesulfonyl  fluoride,  described  in  a  previous  communication  [2],  is  dehydtochlorlnated 
by  potassium  fluoride  to  3  -chlorovinylsulfonyl  fluoride. 

The  ot.B -dichloro-  and  o(,3,g-trichloroethanesulfonyl  fluorides  are  also  capable  of  similar  transformations. 


CH2-CH-SO2F 
Cl  i 


(C»h.),n\ 


CH,=C-S02F 

ii 

C1CH=CH-S02F 


Cl 


Civ  IfP 

\CH-CH-s02F  — 
CK  I 
Cl 


< 


\ 


Nc=CH-S02F 
CK 

CH=C— SO2F 

I  I 
:i  Cl 


(1) 


(2) 


As  starting  substances  for  running  these  reactions  we  used  the  vinyl-  and  6 -chlorovinylsulfonyl  fluorides,  the 
double  bond  of  which  is  capable  of  adding  chlorine  in  the  normal  manner. 

From  the  schemes  given  above  it  is  obvous  that  the  dehydrochlorination  of  the  a, 3 -dichloro-  and  ct,3,3- 
trichlorcethanesulfonyl  fluorides  should  lead  to  a  mixture  of  isomeric  mono-  and  dlchloroethenesulfonyl  fluorides. 

Since  the  constants  of  3  -chlorovinylsulfonyl  fluoride  synthesized  by  us  by  several  routes  were  known,  then 
the  isolation  of  the  second  isomer,  namely  ot -chlorovinylsulfonyl  fluoride,  should  not  have  presented  any  difficulties 
[Scheme  (1)]. 


Civ 

>CH-CH2- 

CK 


SO2CI 


|(C,H.),N 


C1CH=CH— SO2CI 


KF 

\ 

JEL/ 


C1CH=CHS02F 


KF 


Ck 

>CH— CH2-SO2F 
CK 
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However,  it  proved  that  the  instability  of  a-chlorovinylsulfonyl  prevents  its  isolation  under  the  conditions  of 
reaction  with  potassium  fluoride,  as  a  result  of  which  it  was  obtained  by  the  action  of  triethylamine  on  a,  6-dlchloro- 
ethanesulfonyl  fluoride  with  cooling  to  —50*. 

The  mixture  of  isomers  obtained  in  the  dehydrochlorinadon  of  ot,6,6 -trichloroethanesulfonyl  fluoride  could 
not  be  separated  by  conventional  fractional  distillation.  To  separate  the  obtained  mixture  we  employed  reaction 
with  zinc  dust.  The  action  of  zincona mixtureof  a,6-  and  0,6 -dichlorovinylsulfonyl  fluorides  leads  to  the  situ¬ 
ation  that  in  the  first  20  minutes  a  sample  of  the  reactant  mixture  gives  a  positive  test  for  a -acetylenic  hydrogen, 
but  because  of  ensuing  polymerization  and  tarring  it  becomes  impossible  to  subsequently  show  its  presence. 


Cl\ 

;c=ch-so2F 

Cl' 

CH=C-S02F 
I  I 
Cl  Cl 


— [CH=C-S02F1„ 


However,  this  method  also  did  not  permit  us  to  isolate  one  of  the  components  of  the  isomeric  mixture,  since 
fractional  distillation  of  the  reaction  products  gave  us  only  someofthe  unreacted  starting  mixture. 

In  addition  to  the  above-mentioned  chlorination  some  of  the  reactions  of  the  double  bond  found  in  the  a- 
position  to  the  sulfofluoride  group  were  studied  in  the  present  paper  (reaction  with  bromine,  hydrogen  fluoride, 
postassium  permanganate  and  diazomethane). 

It  was  found  that  vinylsulfonyl  fluoride,  vinylsulfonyl  chloride,  ct -chlorovinylsulfonyl  fluoride,  6-chloro- 
vinylsulfonyl  chloride  and  0 -chlorovinylsulfonyl  fluoride  readily  add  chlorine  at  the  double  bond  with  the  forma¬ 
tion  of  the  corresponding  di-  and  trichlorides,  and  that  they  do  not  decolorize  bromine  in  carbon  tetrachloride 
solution. 

Vinylsulfonyl  fluoride  does  not  add  either  liquid  or  gaseous  hydrogen  fluoride.  All  of  the  above  mentioned 
unsaturated  compounds  decolorize  acidified  potassium  permanganate  solution. 

The  addition  of  diazomethane  to  vinylsulfonyl  fluoride  proceeds  smoothly  at  the  double  bond  without  in¬ 
volving  the  acid  fluoride  ion,  as  a  result  of  which  pyrazollne-3-sulfonyl  fluoride  is  formed,  capable  of  losing 
nitrogen  when  heated  with  conversion  to  cyclopropanesulfonyl  fluoride: 


CH2-CH-SO2F  CH2 

CH2=CH-S02F  CH2  N  CH2-CH-SO2F 

6 -Chlorovinylsulfonyl  fluoride  behaves  differently  in  this  reaction,  and,  adding  diazomethane,  is  converted 
into  a  stable  pyrazole  system  (as  the  result  of  spontaneous  dehydrochlorination),  which  fails  to  decompose  when 
heated. 


CH - C-SO2F 


The  course  of  this  reaction  is  apparently  similar  to  the  described  dehydrochlorination  of  a  chloro -substituted 
ketone  of  the  pyrazoline  series,  where  a  pyrazole  ring  is  formed  [3]. 

From  the  above  it  follows  that  an  unsaturated  bond,  found  adjacent  to  the  sulfofluoride  group,  is  similar  in 
its  properties  to  the  unsaturated  bond  of  vinylsulfonic  acid,  its  salts  and  its  halo  derivatives. 

EXPERIMENTAL 

a,6 -Dichloroethanesulfonyl  fluoride  (I).  A  solution  of  12  g  of  vinylsulfonyl  fluoride  in  100  ml  of  carbon 


CICH  ==  CH-SO2F 


CH,N, 


CICH-CH— SO2F 

I  I 
CH2  N 

\nX 
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tetrachloride  was  chlorinated  with  chlorine  gas  for  8  hours  with  illumination  by  a  200-watt  lamp.  We  obtained 
13.5  g  of  (I)  (yield  68.57o). 

B.p.  162-163*  (752  mm),  n*“D  1.4460,  d*®4  1.6637,  MR^  29.06}  calc.  29.68. 

Found  <70:  C  14.01,  13,22;  H  1.57,  1.74;  S  17,99,  18.29;  F  12.2.  12.9.  CiHjOjSFCl,.  Calculated 

C  13.29;  H  1.66;  S  17.71;  F  10.5. 

ot,6 -Dichloroethanesulfonyl  chloride  (II).  A  solution  of  4,0  g  of  vinylsulfonyl  chloride*  in  40  ml  of  carbon 
tetrachloride  was  chlorinated  for  8  hours  with  illumination.  Fractional  distillation  gave  3  g  of  (II). 

B.p.  100-103*  (10  mm).  n*°D  1.5019,  d*®^  1.6509,  MRp  35.28;  calc.  35.01. 

Found  7o:  S  15.68,  15.43.  CjHsOjSClj.  Calculated  S  16.2. 

ot,ct,8 -Trichloroethanesulfonyl  fluoride  (III).  The  chlorination  of  a  solution  of  4.5  g  of  a-chlorovlnylsulfonyl 
fluoride  [112-115*  (749  mm),  n  D  1,4140]  in  50  ml  of  carbon  tetrachloride  under  the  above-described  conditions 
gave  (III). 

B.p.  165-167*  (749  mm),  n*®D  1.4580,  d*®4  1.7149,  MRp  34.29;  calc.  34.63. 

Found  %  F  8.8,  8.6.  CzHjO^FCl,.  Calculated  %  F  8.8. 

a,6,6-TrIchloroethanesulfonyl  fluoride  (IV)  was  obtained  by  the  chlorination  of  57.6  g  of  fl-chlorovinyl- 
sulfonyl  fluoride  [b.p.  43-45*  (25  mm),  n*®D  1.4358]  in  250  ml  of  carbon  tetrachloride.  The  fraction  correspond¬ 
ing  to  (IV)  was  collected  (74.6  g). 

B.p.  84-86*  (25  mm),  b.p.  48-49*  (2  mm).  n*®D  1.4658,  d*®4  1.7303,  MRd  34,50;  calc.  34.63. 

Found  7o:  F  8.5,  8.7.  CjHjOjSFCls.  Calculated  %:  F  8.8. 

g-Chlorovinylsulfonyl  fluoride  (V).  A  solution  of  13  g  of  dry  triethylamine  in  22  ml  of  absolute  ether  was 
added  in  drops  with  stirring  and  cooling  to  —  50*  to  a  solution  of  13.5  g  of  (I)  in  55  ml  of  absolute  ether.  The  mix¬ 
ture  was  stirred  with  cooling  for  2.5  hours,  then  brought  to  room  temperature,  and  treated  with  100  ml  of  1‘lfcsul" 
furic  acid  cooled’ to  0*.  The  ether  layer  was  separated  and  washed  first  with  1%  sulfuric  acid,  then  with  207>  so¬ 
dium  chloride  solution,  next  with  water,  and  finally  it  was  dried  over  sodium  sulfate.  The  following  fractions  were 
collected  on  fractional  distillation:  1st,  18-21*,  (5  mm),  n*®D  1.4080,  d*®4  1.4710,  4  g;  2nd  21-23*  (5  mm),  n*®D 
1,4190,  d*®4  1.5158,  2.1  g.  Redistillation  of  the  1st  fraction  gave  pure  (V). 

B.p.  116-117*  (779  mm),  n*®D  1.4070,  d*®4  1.4673,  MRp  24.25;  calc.  24.44. 

Found  7<»:  C  17.55,  17.85;  H  1.71,  1.96;  S  22.72,  22.52;  F  14.14,  14.57.  CiHjOjSFCl .  Calculated 

C  16,61;  H  1.39;  S  22.19;  F  13.5. 

In  contrast  to  0  -chlorovinylsulfonyl  fluoride,  (V)  is  unstable  and  oxidizes  rapidly  when  stored.  The  2nd 
fraction  is  apparently  0  -chlorovinylsulfonyl  fluoride  with  (V)  as  impurity. 

Action  of  potassium  fluoride  on  (1). 

The  effect  of  potassium  fluoride  on  (IV  (I)  is  treated  with  a  saturated  water  solution  of  potassium  fluoride 
under  the  conditions  described  previously  [11],  The  organic  layer  is  dried  by  calcium  chloride  and  then  it  is  dis¬ 
tilled,  yielding  8  g  of  a  substance  with  boiling  point  of  130-134®  (760  mm),  n^^®  1.4162,  d4^®  1.5379.  This  sub¬ 
stance  is  identical  to  the  0 -chlorovinylsulfonyl  fluoride  which  was  synthesized  earlier. 

The  effect  of  potassium  fluoride  on  (IV>.  As  indicated  in  the  present  paper,  21.5  g  of  (IV)  was  reacted  with 
a  6 -fold  excess  of  saturated  aqueous  potassium  fluoride  solution.  The  fraction  with  b.p.  52-54*  (25  mm)  was  col¬ 
lected. 

np^®  1.4538,  d4^®  1.6222,  MRd  29.90. 

Found  7o:  S  17.09,  17.19;  Cl  39.47,  39.37;  F  10.0,  10.6.  C2HOJSFCI.  Calculated*^:  S  17,90;  Cl  39.59; 

F  10.06. 

*  Vinylsulfonyl  chloride  was  isolated  in  the  preparation  of  0 -chloroethanesulfonyl  chloride  as  the  fraction  with 
b.p.  158-160*  (754  mm),  b.p.  60-68*  (20  mm).  n*®D  1,4700.  d*®4  1.4098,  MRd  25.05  [2]. 
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The  obtained  substance  is  apparently  a  mixture  of  the  isomeric  a,fl-  and  6  ,fl -dlchlorovinylsulfonyl  fluorides, 
which  coaid  be  formed  in  tlie  cleavage  of  one  molecule  of  hydrogen  chloride  from  (IV).  However,  taking  into 
consideration  the  specific  properties  of  one  of  the  possible  isomers,  mentioned  in  the  preceding  experiment,  it  is 
possible  to  postulate  that  the  fl.fi-dichlorovinylsulfonyl  fluoride  predominates  in  the  indicated  mixture. 

Twelve  grams  of  the  obtained  mixture  of  unsaturated  dichlorosulfonyl  fluorides  was  treated  in  the  cold  with 
an  equimolar  amount  of  zinc  dust  in  anhydrous  alcohol.  After  filtration  and  removal  of  the  solvent  in  vacuo  the 
residue  represented  a  tarry  substance  that  could  not  be  distilled. 

In  a  second  experiment  28.9  g  of  mixed  ct,0-  and  6,8 -dichlorovinylsulfonyl  fluorides  was  mixed  with  30  g 
of  zinc  dust  in  100  ml  of  absolute  ether.  Samples  were  removed  from  the  reaction  mixture  at  periodic  intervals 
and  tested  witli  Ilosvay  reagent.  The  first  samples  (after  5,  10,  15  and  20  minutes)  gave  a  distinct  positive  test 
with  the  reagent.  Then  the  Ilosvay  reaction  became  negative.  The  reaction  with  zinc  dust  was  run  for  5  hours, 
after  which  the  solids  were  removed  by  filtration,  the  ether  evaporated,  and  the  residue  fractionally  distilled.  The 
fraction  with  b.p.  52-54*  (25  mm),  corresponding  to  the  original  substance,  was  collected  (18,5  g);  the  residue 
was  a  hard  tarry  substance. 

Action  of  diazomethane  on  vinylsulfonyl  fluoride.  Aji  ether  solution  of  diazomethane  was  added  with  stirring 
and  cooling  to  —  10*  to  a  solution  of  17  g  of  vinylsulfonyl  fluoride  in  75  ml  of  ether.  Then  the  mixture  was  stirred 
at  room  temperature  for  1  hour  and  allowed  to  stand  overnight.  The  next  day  the  ether  was  distilled  off;  the  re¬ 
sidue  crystallized  as  bright  yellow  tablets,  melting  at  30*.  The  obtained  pyrazollne-3-sulfonyl  fluoride  (VI)  is  un¬ 
stable  and  suffers  partial  decomposition  even  at  room  temperature.  It  begins  to  decompose  violently  at  125*  with 
the  evolution  of  nitrogen. 

Found  %  N  17.5,  17.2.  C3H5O2NSF.  Calculated  N  18.4. 

(VI)  is  completely  soluble  in  hydrochloric  acid,  forming  the  hydrochloride,  which  was  isolated  as  yellow 
crystals. 

Pyrolysis  of  (VI).  (VI)  was  placed  in  a  flask  and  heated  cautiously  to  125*  to  decompose  it,  collecting  the 
liquid  distillate.  The  obtained  distillate  was  refluxed  for  20  minutes  and  then  distilled  again,  collecting  the 
fraction  with  b.p.  153-154.5*  (750  mm). 

n*®D  1.4220,  d*“4  1.3426,  MR^  23,50,  EMp  0.34. 

Found  %:  F  15.03,  14.72.  CsHgOjSF.  Calculated  %n  F  15.3. 

On  the  basis  of  the  constants,  analysis  and  the  presence  of  molecularrefraction  exaltation  it  is  possible  to 
assign  the  structure  of  cyclopropanesulfonyl  fluoride  to  the  obtained  substance. 

Action  of  diazomethane  on  8 -chlorovinylsulfonyl  fluoride  (VII).  A  solution  of  12  g  of  (VII)  in  30  ml  of 
absolute  ether  was  cooled  to  ~  40*,  and  then  an  ether  solution  of  diazomethane  was  added  with  stirring  until  the 
color  of  the  diazomethane  ceased  to  disappear,  after  which  the  mixture  was  warmed  up  to  room  temperature. 

After  removal  of  the  solvent  and  original  (VII)  by  distillation  the  residue  solidified  as  yellow  crystals  with  m.p. 
125-126*  (from  benzene). 

Found  S  21.86,  21.59;  N  18.29,  18.03.  CsHjO^NjSF.  Calculated  %;  S  21.2;  N  18.65. 

SUMMARY 

1.  Seven  new  sulfonyl  fluorides  were  synthesized:  a,  6-dichloroethane-,  a,a,6-  and  ot,6, 8-trichloroethane-, 
a-chlorovinyl-,  cyclopropane-,  pyrazoline-3-  and  pyrazole -3 -sulfonyl  fluorides. 

2.  a,6 -Dichloroethanesulfonyl  chloride,  and  also  a,8-  and  8,6 -dichlorovinylsulfonyl  fluorides  (as  a  mixture 
of  isomers),  were  synthesized. 

3.  The  dehydrohalogenating  action  of  potassium  fluoride  on  ot, 8 -dichloroethanesulfonyl  fluoride  leads 
mainly  to  the  formation  of  6 -chlorovinylsulfonyl  fluoride. 
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PREPARATION  OF  ORG  A  NOS  ILICON  HYDROXY  COMPOUNDS  FROM 


AMINOSIL  A  NES 

I.  PREPARATION  OF  ALKYLALKOXYSILANES  FROM  ALKYLPHENYLAMINOSILANES'  SYNTHESIZED 

FROM  ALKYLCHLOROSILANES 

A.  P.  Kreshkov,  L.  V.  Myshliaeva  and  L.  M.  Khananashvill 


The  range  of  practical  application  of  organosllicon  compounds  expands  In  measure  with  the  development 
of  their  chemistry.  The  alkylalkoxysilanes  [1]  find  great  practical  utility  in  the  modification  of  various  classes  of 
inorganic  and  organic  compounds  and  as  Intermediates  in  the  synthesis  of  high-molecular  organosllicon  compounds. 
The  following  methods  for  the  preparation  of  alkylalkoxysilanes  are  described  in  the  literature. 

1)  Alkylation  of  alkoxysilanes  or  haloalkoxysilanes  using  organozinc  compounds  and  metallic  sodium  [2] 
2(RO)3SiCl-i-ZnR2-4-2Na  -»■  2R'Si(OR)3 -t-Zn 2NaCl 


or 


2Si(OR)4-i-ZnR2-4-2Na  -►  2R'Si(OR)3 Zn -i- 2RONa 

2)  Alkylation  of  alkoxysilanes  or  haloalkoxysilanes  using  either  organomagnesium  [3-5j  or  organolithlum 
compounds  [6,  7] 


S1(0R)4 R’MgX  ->  R'Sl(OR)3-+-MgXOR 
or 

(RO)3SiCl-HR'M?X  R'Si(OR)3 -4- MjjXCl 

3)  Replacement  of  hydrogen  in  alkylsilanes  by  alkoxy  groups  using  alcohols  in  the  presence  of  alcoholates 
of  lithium,  sodium,  potassium  and  rubidium  [8] 

R'O-  -H RgSiH  ->  [R'O. . .  R3Si . . .  H]-  R  OSlRg  -4^  Hj  R'O” 

4)  Esterification  of  alkylhalosilanes  using  alcohols 

R^SiCl4_,  -4-  (4  —  jr)  ROH  -►  R;SI(0R)4_,  -h  (4  —  jr)HCI 

However,  the  existing  methods  of  synthesizing  alkylalkoxysilanes  suffer  from  a  large  number  of  disadvantages. 
The  first  method,  proposed  more  than  80  years  ago,  is  not  used  at  the  present  time  even  in  the  laboratory  due  to 
the  complexity  of  the  synthesis  conditions  (operating  with  sealed  tubes,  possibility  of  explosions,  etc.).  The  second 
method  Is  characterized  by  being  quite  long  (8-12  hours  and  more  is  required  for  the  synthesis),  and  is  associated 
with  great  experimental  difficulties  and  the  use  of  highly  inflammable  solvents.  With  this  method  it  is  quite  dif¬ 
ficult  to  obtain  a  product  of  definite  composition,  and  usually  a  mixture  of  alkylalkoxysilanes  is  obtained.  This 
method  is  also  not  feasible  economically.  The  third  method,  recently  proposed  by  Dolgov  and  co-workers  [8], 
possesses  interest.  In  tliis  case  reaction  is  more  rapid  (4-5  hours),  and  the  yields  are  substantially  higher.  The  in¬ 
dicated  methods  possess  .essentially,  preparative  significance,  and  not  industrial  importance. 
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Only  the  fourtli  metliod  is  economically  feasible.  However  In  tliis  case  tlie  main  reaction  is  accompanied 
by  side  reactions,  leading  to  a  substantial  reduction  in  the  yields  of  alkylalkoxysilanes.  in  addition,  the  synthesis 
requires  a  large  amount  of  time. 

We  developed  a  new  method  for  the  preparation  of  alkylalkoxysilanes,  based  on  the  exchange  reaction  of 
alkylchlorosilanes  with  aniline  (a)  and  subsequent  reaction  of  the  resulting  alkylphenylaminosilanes  with  alcohols 
(b) 

R*SiCl4_x  H-  2(4  —  AOCoHgNHa  ->•  R*Si(NHCoH5)4_*  -i-  (4  —  jtICoHsNHj  •  HCl,  (a) 

R*Si(NHCoH5)4_a,  -I-  (4  —  jr)R'OH  R*Si(OR')4_*  (4  -  .r)C6H5NH2.  (b) 

Reaction  "a"  goes  in  quantitative  yields  for  aniline  and  a  whole  series  of  amines  [9].  As  our  Investigations 
revealed,  reaction  "b"  goes  in  very  high  yields  (80-95%). 

We  used  the  proposed  method  to  synthesize  trimethylmethoxysilane,  dimethyldimethoxysilane,  trimethyl- 
ethoxysilane  and  dimethyldiethoxysilane. 


EXPERIMENTAL 

Synthesis  of  trimethylmethoxysilane  (I),  Into  a  round -bottomed  flask  was  charged  108.5  g  of  trimethylchloro- 
silane  and  204-6  g  of  freshly  distilled  aniline,  previously  dried  over  fused  sodium  hydroxide.  The  reaction  was 
accompanied  by  substantial  heat-evolution.  The  flask  was  closed  with  a  stopper  fitted  with  a  reflux  condenser 
and  the  flask  contents  were  stirred  for  10-15  minutes,  after  which  the  obtained  alkylphenylaminosilane  was  treated 
with  35.2  g  of  anhydrous  methyl  alcohol  and  the  mixture  stirred  for  10-15  minutes.  Then  the  flask  with  contents 
was  heated  on  the  boiling  water  bath  for  15-20  minutes.  After  this  the  reaction  product  was  distilled  through  a 
fractionating  column  and  the  fraction  with  b.p.  57-58’  collected.  The  yield  of  (I)  was  95.6  g  (91%), 

d*®4  0.758,  n*®D  1.3680. 

Found  %;  C  45.18;  H  11.55;  Si  26.85.  C4Hi20Si.  Calculated  %;  C  46.15;  H  11.54;  Si  26.92. 

It  is  possible  to  sublime  small  amounts  of  aniline  hydrochloride  if  the  heating  is  nonuniform  during  the  distil¬ 
lation  of  (I).  In  such  case  the  aniline  hydrochloride  is  easily  separated  from  (I)  by  either  suction -filtration  or  flltra^ 
tion. 


The  other  alkylalkoxysilanes  were  synthesized  in  a  similar  manner. 

Synthesis  of  dimethyldimethoxysilane  (II).  For  the  synthesis  we  took  129  g  of  dimethyldichlorosilane,  409.2  g 
of  aniline  and  70,4  g  of  anhydrous  methyl  alcohol.  The  (II)  fraction  boiling  in  the  range  81-83*  was  collected. 
Yield  106  g  (87%). 

d*‘’4  0.849,  n*®D  1.3669. 

Found  %:  C  39.56;  H  10.21;  Si  23.24.  C4Hi20jSi.  Calculated  %:  C  39.99;  H  10.00;  Si  23.33. 

Synthesis  of  trirnethylethoxysilane  (III) .  For  reaction  we  took  108,5  g  of  trimethylchlorosilane,  204.6  g  of 
aniline  and  50.6  g  of  anhydrous  alcohol.  The  (III)  fraction  boiling  in  die  range  75-76*  was  collected.  Yield  110  g 
(93%), 

d*®4  0.757,  n*®D  1.3745. 

Found  %;  C  50.23;  H  11.07;  Si  25.03.  C6Hi4pSl.  Calculated  %:  C  50,74;  H  11,83;  Si  23.67. 

Synthesis  of  dimethyldiethoxysilane  (IV).  For  reaction  we  took  129  g  of  dimethyldichlorosUane,  409.2  g 
of  aniline  and  101.2  g  of  anhydrous  alcohol.  The  fraction  boiling  in  the  range  112-115*  was  collected.  Yield 

112  g  (80%). 

d*®4  0.884,  n*®D  1.3855. 

Found  %  C  49.09;  H  10.65;  Si  18.92.  CeHjgOjSi.  Calculated  %;  C  48.59;  H  10.78;  Si  18.88. 

In  case  of  necessity,  the  aniline  hydrochloride  formed  during  reaction  can  be  recovered  by  treating  with 
alkaline  agents,  and  reused  in  the  preparation  of  alkylalkoxysilanes. 
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Silicon  was  determined  gravimetrically  as  SiO2[10].  The  amount  of  carbon  and  hydrogen  was  determined 
by  the  Pregl  method  of  combustion  [11]  using  CtjOs  as  the  catalyst  [12]. 

All  of  the  synthesized  products  were  characterized  by  a  high  purity  and  did  not  require  supplemental  purifica¬ 
tion, 

SUMMARY 

A  new  method  was  developed  for  the  synthesis  of  alkylalkoxysilanes  based  on  the  reaction  of  alkylchlorosilanes 
with  aniline  and  subsequent  treatment  of  the  obtained  alkylphenylaminosilanes  with  alcohols.  The  yields  of  the  pro¬ 
ducts  ranged  from  80  to  95%. 
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HYDROLYSIS  OF  AROMATIC  SULFONIC  ACID  ESTERS 


VI.  ALKALINE  AND  AQUEOUS  HYDROLYSIS  OF  NITRO-SUBSTITUTED  ARYL  SULFONATES 
R.  V.  Vizgert  and  E.  K.  Savchuk 


In  previous  communications,  devoted  to  a  study  of  the  hydrolysis  kinetics  of  aryl  sulfonates  [1,  2],  it  was 
shown  tliat  the  presence  of  electronegative  substituents  in  the  benzenesulfonlc  acid,  as  well  as  in  the  phenol  [3], 
accelerates  the  hydrolysis  rate  of  aryl  sulfonates  when  compared  to  the  unsubstituted  esters.  Of  all  of  the  electro¬ 
negative  substitutents  the  nitro  group  exerts  the  greatest  accelerating  effect;  the  effect  of  the  position  of  the  nitro 
group  on  the  hydrolysis  rate  of  nitro-substituted  aryl  sulfonates  is  different  and  depends  on  whether  the  nitro  group 
is  found  in  the  benzenesulfonic  acid  or  in  the  phenol.  Nitro  groups  in  the  ortho  position  reduce  the  hydrolysis  rate, 
if  found  In  the  benzenesulfonic  acid,  and  increase  it,  if  found  in  the  phenol. 

It  seemed  of  interest  to  follow  the  manner  in  which  increasing  the  number  of  nitro  groups  in  the  phenol  and 
in  the  benzenesulfonic  acid  would  affect  the  alkaline  hydrolysis  rate,  and  also  to  determine  If  nitro-substituted 
aryl  sulfonates  could  be  hydrolyzed  by  water,  all  the  more  so  since  it  is  known  from  the  literature  that  phenyl 
benzenesulfonate  is  not  hydrolyzed  by  water  [2,  4]. 

EXPERIMENTAL 

The  esters  subjected  to  alkaline  hydrolysis  were  the  esters  of  2,4-dinitrophenol  with  benzenesulfonic  acid  (1), 
2-nitrobenzenesulfonic  acid  (2)  and  4-chlorobenzenesulfonic  acid  (3)  (the  last  ester  was  graciously  supplied  by  O. 
N.  Prib),  the  esters  of  2,4-dinitrobenzenesulfonic  acid  with  phenol  (4)  and  2-nitrophenol  (5),  and  the  ester  of  3,5- 
dinitrobenzenesulfonic  acid  with  phenol  (6).  The  above  Indicated  esters,  and  also  the  mononitro -substituted  aryl 
sulfonates  containing  the  nitro  group  both  in  the  phenol  and  in  the  benzenesulfonic  acid,  were  also  subjected  to 
aqueous  hydrolysis  in  the  absence  of  caustic. 


TABLE  1 


Expt. 

No. 

Formula 

Melting 

point 

Sulfur  content  0o) 

found 

calc. 

1 

Cr.Hr,.S020CoH,(N02)2-2,4  .... 

118— 119P 

9.93 

9.88 

2 

2-N0.2Cr,H,S090Cr,H;,(N02)2-2,4 

121 

8.78 

8.67 

3 

4-C1-C„H4S020CoH,(N02)2-2,4 

116—118 

4 

2,4-(N02)2CfiH,S020C,iHs  .... 

115-116 

9.91 

9.88 

5 

2,4-(N02)2CoH3S020C,iH,N02-2 

139 

8.71 

8.67 

6 

3,S-(N02)2Co^i3i>020LGH5  .... 

101 

9.96 

9.88 

Only  the  esters  of  mononitrobenzenesulfonic  acid  are  described  in  the  literature  [5];  with  the  exception  of 
(4)  and  (5),  the  esters  of  dinitrobenzenesulfonic  acid  are  unknown  [6].  To  obtain  them  we  used  the  general  method 
for  the  synthesis  of  aryl  sulfonates  [7],  with  some  modification  of  the  experimental  technique.  To  a  solution  of 
4.3  g  of  o-nitrobenzenesulfonyl  chloride  in  50  ml  of  anhydrous  alcohol  was  added  at  room  temperature,  with  me¬ 
chanical  stirring,  in  small  portions,  4  g  of  sodium  2,4-dinitrophenolate  in  2  hours.  Then  the  stirring  was  continued 


for  another  2  hours.  The  obtained  precipitate  of  ester  and  NaCl  was  filtered  and  washed  with  water.  The  ester  is 
very  difiicultly  soluble  in  alcohol  and  remains  almost  entirely  on  the  filter.  Removal  of  30  ml  of  alcohol  from 
the  mother  liquor  by  distillation  yielded  an  additional  small  amount  of  the  ester.  The  yield  of  crude  product  was 
6.2  g,  which  after  two  recrystallizations  from  alcohol  gave  5.5  g  of  the  ester  (11%,  m.p.  121-122*. 

All  of  the  other  esters  were  obtained  in  a  similar  manner  in  good  yield.  The  reactants  —  sulfonyl  chloride 
and  phenolate  —  were  taken  in  a  1  :  1  ratio.  The  esters  of  the  nitro-  and  dinitrobenzenesulfonic  acids,  together 
with  their  melting  points  and  analysis,  are  given  in  Table  1. 

The  method  used  by  us  to  study  the  hydrolysis  rate  is  described  in  a  previous  communication  [8].  The  method 
of  Hess  and  Frahm  [9]  was  used  to  purify  the  dioxane.  The  purity  of  the  esters  was  verified  by  melting  point,  analysis 
for  sulfur,  and  final  titration  result.  The  saponification  was  run  in  70%  water-dioxane  medium  with  caustic  at  0  and 
at  15*.  The  hydrolysis  rate  of  esters  (1),  (2),  (3)  and  (5)  was  determined  by  back -titration  of  the  excess  acid  widi 
caustic  in  the  presence  of  methyl  red  as  the  indicator,  while  esters  (4)  and  (6)  were  titrated  in  the  presence  of 
rosolic  acid  as  the  indicator. 


TABLE  2 


1 

t  (min) 

a  —  X 

b-x 

k 

1  t  (min) 

a  —  2x 

b  —  x 

k 

0 

0.00830 

0.00312 

0.00830 

0.00312 

3.5 

0.00593 

0.00193 

0.334 

0.00459 

0.00125 

6 

0.00498 

0.00144 

0.341 

0.00346 

0.00067 

12 

0.00393 

0.00090 

0.357 

8 

0.00308 

0.00048 

16 

0.00336 

0.00061 

0.334 

14 

0.00251 

0.00019 

mg 

k  = 

•'mean 

0.341 

Knean 

0.880 

TABLE  3 


t  (min) 

a  —  2x 

b  —  x 

k 

0 

0.00803 

0.00282 

3 

0.00471 

0.00133 

1.406 

5 

0.00413 

‘  0.00107 

1.180 

9 

0.00336 

0.00072 

1.040 

14 

0.00258 

0.00037 

1.233 

^nean 

1.215 

The  saponification  was  run  in  a  100 -ml  flask  with  a  side  tube;  the  weighed  substance  was  added  through 
the  side  opening,  while  the  alkaline  water-dioxane  solution  was  introduced  through  the  expanded  portion  of  the 
flask,  after  which  die  flask  was  shaken  vigorously  and  then  samples  removed  at  definite  time  intervals.  Reaction 
was  terminated  by  pouring  the  samples  (20  ml)  into  0.05  N  HCl  solution  cooled  to  0*.  The  initial  concentration 
of  the  ester  was  0.0031  g-mole/ liter,  and  that  of  the  KOH  was  0.0084  g-mole/ liter.  The  hydrolysis  rate  constants 
were  calculated  using  the  2nd  order  equation,  with  allowance  made  for  the  double  consumption  of  alkali:  dx/  dt  = 
=  k  (a  —  2x)  (b  —  x),  where  a  is  the  alkali  concentration,  and  b  is  the  ester  concentration. 

The  energy  of  activation  was  calculated  using  the  equation 

_  (log  k;  —  log  kt)  •  4.575TxTt 

t  —  $ 

T,-Ti 
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““  e/  rx 

and  the  pre-exponential  coefficient  using  the  equation;  k  =  •  e  .  The  dau  of  several  typical  experiments 

on  the  hydrolysis  of  the  esters  of  2,4-dinitrof^enol  with  benzenesulfonic  acid  and  2-’nltiobenzenesulfonlc  acid  are 
given  in  Tables  2  and  3,  while  the  summary  data  on  the  hydrolysis  of  the  nitro -substituted  aryl  sulfonates  are  given 
in  Table  4.  The  dimensions  of  the  terms  are;  k  -  liter/  g-mole  •  sec,  E  -  cal/  g-mole,  log  ~  liter/  g-mole  •  sec. 

To  study  aqueous  hydrolysis  the  weighed  amount  of  ester  (0.0015  g-mole)  was  dissolved  In  20  ml  of  70<5l) 
water-dioxane  solution  and  then  heated  for  a  long  time  (Table  5)  in  flasks  fitted  with  reflux  condensers.  The  acid 
formed  as  the  result  of  hydrolysis  was  titrated  wl±  0.0368  N  KOH  in  the  presence  of  the  earlier  indicated  indicators. 
The  percent  of  hydrolyzed  ester  was  determined  from  the  amount  of  alkali  consumed. 


TABLE  4 


Expt. 

No. 

Formula 

ko  • 

E 

log  Pz 

1 

CBHsS020CflH.,(N02)2-2.4 

339.0 

880.0 

9350 

im 

2 

2.4-(N02)oC„H.,S020C„H, 

38.0 

183.0 

16360 

.  11.68 

3 

3,5-(N02)..C,tH.,S020C,tH., 

1.45 

5.8 

14390 

8.67 

4 

2-NO.,C„H  S020CHHa(N62)2-2.4 

2 .4 -( NO,  )2C„H.,S  O2OCBH4  N0?-2 

2450.0 

_ 

_ 

_ 

5 

2150.0 

— 

— 

_ 

6 

2-C!C„H,S02C)C,iH3(N02)2-2.4 

1250.0 

Parallel  experiments  were  also  run  on  studying  the  hydrolysis  rate  at  120*.  For  this  0.00015  g-mole  of  the 
ester  was  dissolved  in  20  ml  of  70%  dloxane-water  solution  and  then  sealed  in  ampuls.  On  conclusion  of  reaction 
the  ampuls  were  opened,  the  solution  poured  out,  the  ampuls  rinsed  with  10  ml  of  water-dioxane  solution,  and 
the  sample  titrated  as  indicated  above. 


TABLE  5 


Formula 

Heating  at  80“  1 

Heating  at  120* 

time 

(hrs) 

num¬ 
ber  of 
ml  of 
KOH 

percent 

reacted 

ester 

time 

(hrs) 

number 
of  ml  of 
KOH 

percent 

reacted 

ester 

CfiH,SO.,OC,(H,NO.,-2 

92 

0.95 

21.2 

Cr,HvS020C„H3(  N02)2-2,4 

44.5 

3.9 

46 

37.5 

5.1 

60.3 

2,4-(N02)2C„H3S020C6H5 

44.5 

0.2 

4 

37.5 

0.3 

5 

2-  NO;Cr.H  S020Cf.H;,(  N02)2-2.4 

45.5 

6.6 

82.7 

40.0 

8.46 

100 

2.4-(N02)?C„Fr,S020C,;H4  NO2-2 

45.5 

0.5 

6 

40.0 

0.7 

7.5 

4-ClC,iH4S020CfiH3(  N02)2-2.4 

45.5 

5.3 

66.2 

To  study  the  effect  of  acid  on  the  hydrolysis  rate  we  ran  an  acid  hydrolysis  in  the  presence  of  HCl.  The  con¬ 
centrations  of  the  reactants  were  as  follows;  ester  0.00256  g-mole/ liter,  and  acid  0.0033  g-mole/ liter  (which  cor¬ 
responds  to  0.2502  g  of  2,4-dinitrophenyl  benzenesulfonate  and  0.00365  g  of  HCl  in  a  30-ml  sample).  A  parallel 
hydrolysis  In  the  absence  of  acid  was  run  at  the  same  time.  In  the  first  case  9.65  ml  of  KOH  (of  which  6.85  ml  was 
consumed  in  the  neturalization  of  the  original  acid)  was  consumed  in  the  titration  of  the  acids,  and  in  the  second 
case  3.9  ml  of  KOH  (0.0188  N  solution)  was  consumed.  The  heating  was  for  45  hours  in  flasks  fitted  with  reflux 
condensers.  The  titration  results  indicate  that  the  hydrolysis  rate  not  only  does  not  increase  In  the  presence  of 
HCl,  but  Is  even  hindered  somewhat,  since  in  this  length  of  time  the  ester  suffered  hydrolysis  to  the  extent  of  33% 
under  acidic  hydrolysis  conditions,  and  to  the  extent  of  40%  when  aqueous  hydrolysis  conditions  were  employed. 

DISCUSSION  OF  RESULTS 

From  Table  4  it  follows  that  the  introduction  of  several  nitro  groups  into  either  the  acid  or  the  alccrfiol  com¬ 
ponent  leads  to  a  substantial  Increase  in  the  rate  of  alkaline  hydrolysis  when  compared  with  the  mononitro -substituted 


2155 


esters.  An  especially  noticeable  increase  in  the  hydrolysis  rate  is  observed  when  two  nitro  groups  are  introduced 
into  the  phenol.  The  same  rule  that  we  had  observed  earlier  [2,  3]  is  manifested  here:  the  effect  of  electronegative 
substituents,  transmitted  through  the  benzene  ring  and  the  ester  oxygen  with  free  p-electrons,  is  condiderably 
greater  than  the  effect  of  these  same  substituents,  transmitted  through  the  benzene  ring  directly  to  the  sulfur  atom. 

The  observed  increase  in  the  hydrolysis  rate  can  be  regarded  as  being  due  to  pir  -conjugation  [11],  since  in 
the  presence  of  inductive  effects  alone  the  action  of  the  oxygen  atom  should  lead  to  a  weakening  of  the  in¬ 
fluence  exerted  by  the  nitro  groups  due  to  their  remoteness  from  the  sulfur  atom. 


To  compare  the  influence  exerted  by  two  nitro  groups,  found  in  the  benzenesulfonic  acid,  with  the  influence 
of  the  same  groups  in  the  phenol,  it  proves  expedient  to  calculate  the  relative  transmission  coefficients  of  the 
electronic  effects  of  substituents,  found  at  different  ends  of  the  system,  from  the  ratios  of  the  hydrolysis  rate  con¬ 
stants  of  phenyl  2,4-dinitrobsnzenesulfonate  (ki)  to  the  unsubstituted  phenyl  benzenesulfonate  (kj)  and  that  of  2,4- 


dinitrophenyl  benzenesulfonate  (ks)  to  the  unsubstituted  phenyl  benzenesulfonate  (k^):  fi  =  - 


ft 


=  = 


880 

0.06 


183 

0.06 


=  3050j 


=  14300;  =  14300  :  3050  =  4.7.  In  a  similar  manner  for  the  p-mononitro -substituted 


k  679  »  k  15  9 

derivatives;  =  113;  Ja=  =  265;  :  ti  =  265  ;  114  =  2.3.  Larger  values 

kj  0.06  kj  0.06 

of  ^4  when  compared  with  ^3  can  serve  as  a  quantitative  measure  of  the  pir  -conjugation  that  exists  in  the  esters  of 
a  substituted  phenol  and  benzenesulfonic  acid. 


A  large  increase  in  /j  when  compared  with  is  due  to  the  effect  of  two  factors:  first,  the  presence  of  pir  - 
-conjugation,  and  second,  the  presence  of  an  ortho-effect  In  the  ester  of  2,4-dinitrobenzenesulfonic  acid  and 
phenol.  The  latter  is  also  supported  by  the  large  increase  in  the  activation  energy  of  hydrolysis  (up  to  7000  cal) 

In  the  case  of  the  ester  of  2,4-dinitrobenzenesulfonic  acid  and  phenol  when  compared  with  the  ester  of  benzene¬ 
sulfonic  acid  and  2,4-dinitrophenol. 


The  effect  exerted  by  the  positions  of  the  nitro  groups  in  one  benzene  ring  on  the  hydrolysis  rate  of  aryl 
sulfonates  may  be  followed  on  the  phenyl  esters  of  the  2,4-  and  3,5-dinitrobenzenesulfonic  acids:  the  first  ester 
is  saponified  much  more  rapidly  than  the  second.  This  indicates  that  the  conjugation  effect  exerts  a  greater  influ¬ 
ence  on  the  rate  with  which  aryl  sulfonates  hydrolyze  than  does  the  inductive  effect. 

In  contrast  to  the  phenyl  and  tolyl  benzenesulfonates,  the  dinitrophenyl  benzenesulfonates  are  hydrolyzed 
by  water  (Table  5).  The  aqueous  hydrolysis  rate  of  the  aryl  sulfonates  is  considerably  slower  than  that  of  the  cor¬ 
responding  ethyl  sulfonates  [10].  The  mononitro-substituted  aryl  sulfonates  are  not  hydrolyzed  by  water,  with  the 
exception  of  the  ester  of  benzenesulfonic  acid  and  o-nitrophenol.  The  introduction  of  several  nitro  groups  increases 
die  aqueous  hydrolysis  rate  substantially,  in  which  connection  an  interesting  rule  is  observed:  the  ester  of  2,4-di¬ 
nitrophenol  and  benzenesulfonic  acid  is  hydrolyzed  to  the  extent  of  46%,  while  in  the  same  length  of  time  the  ester 
of  2,4-dinitrobenzenesulfonic  acid  and  phenol  is  hydrolyzed  to  the  extent  of  4%.  A  similar  phenomenon  is  observed 
when  a  third  nitro  group  is  introduced  into  either  the  phenol  or  the  sulfonic  acid.  The  ester  of  2,4-dinitrobenzene - 
sulfonic  acid  and  o-nitrophenol  is  hardly  hydrolyzed  by  water,  whereas  the  esters  of  o-nitrobenzenesulfonic  acid 
and  o-chlorobenzenesulfonic  acid  with  2,4-dinitrophenol  show  the  most  rapid  saponiTication  of  all  of  the  esters  ex¬ 
amined.  Consequently,  an  o-nitro  group  in  the  phenol  facilitates  both  the  aqueous  and  the  alkaline  hydrolysis  of 
aryl  sulfonates;  This  can  happen  in  two  cases:  1)  both  processes  proceed  by  the  same  mechanism  —  with  rupture 
of  the  bond  at  the  phenoxy  group,  and  2)  the  aqueous  hydrolysis  proceeds  by  a  pseudoionic  mechanism  with  rupture 
of  the  bond  at  the  phenyl  radical.  The  presence  of  some  analogy  between  die  aryl  sulfonates,  containing  two  nitro 
groups  in  the  phenol,  and  the  ethyl  sulfonates  (hydrolyzed  by  water  and  alkalies,  and  not  hydrolyzed  by  acid)  speaks 
in  favor  of  the  second  mechanism.  It  is  quite  probable  that  a  large  increase  in  the  acidic  properties  of  the  alcohol 
component  in  dinitro-substituted  aryl  sulfonates  makes  it  possible  for  rupture  to  occur  at  both  of  the  bonds  of  the 
ester  oxygen. 


SUMMARY 

1.  We  synthesized  6  dinitro-substituted  ar)'l  sulfonates  and  studied  their  alkaline  and  aqueous  hydrolysis  rates. 
The  experimental  results  thus  obtained  were  compared  with  the  earlier-obtained  data  on  the  hydrolysis  rates  of 
nitro -substituted  aryl  sulfonates. 

2.  That  the  aqueous  hydrolysis  of  aryl  sulfonates  is  possible  was  established  for  the  first  time.  The  esters 
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most  easily  hydrolyzed  by  water  are  the  esters  of  2,4-dinitrophenol  with  the  acids:  2>nitrobenzenesulfonic  acid, 
2-chlorobenzenesulfonic  acid  and  benzenesulfonic  acid. 
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REACTIONS  OF  AROMATIC  SULFONIC  ACID  ESTERS 


VII.  ARYLATING  PROPERTIES  OF  DINITROPHENYL  BENZENESULFONATES 
R.  V.  Vizgert  and  la.  P.  Berkman 


It  can  be  considered  as  established  that  in  nucleophilic  substitution  reactions,  as  in  reactions  with  water,  alkalies, 
ammonia  and  amines,  the  aryl  sulfonates  show  a  similarity  to  carboxylic  acid  esters.  All  of  these  reactions  proceed 
by  a  mechanism  involving  acyl-oxygen  fission  and  the  alcohol  radical  is  not  cleaved  from  its  oxygen  atom  [1-11]. 

In  contrast  to  the  aryl  sulfonates  and  carboxylic  acid  esters,  the  alkyl  sulfonates  behave  as  alkylating  agents 
[12-16],  for  which  reason  in  the  reaction  with  water,  ammonia  and  amines, the  bond  rupture  occurs  at  the  alkyl.  It 
would  be  difficult  to  expect  a  mechanism  involving  alkyl -oxygen  fission  for  aryl  sulfonates,  since  here  the  oxygen 
is  firmly  bound  to  the  aromatic  ring.  However,  in  the  preceding  paper  we  had  established  that  the  dinitrophenyl 
benzenesulfonates  show  a  similarity  to  alkyl  sulfonates  in  that  they  are  hydrolyzed  by  water  and  alkalies,  and  are 
not  hydrolyzed  by  acids.  It  could  be  assumed  that  this  analogy  will  also  appear  in  other  nucleophilic  substitution 
reactions.  In  order  to  verify  such  an  assumption  we  ran  a  series  of  experiments  in  which  the  reactions  of  the  dinitro¬ 
phenyl  esters  of  benzenesulfonic  acid,  p-chlorobenzenesulfonic  acid  and  o-nitrobenzenesulfonic  acid  with  ammonia, 
aromatic  amines,  potassium  thiocyanate  and  potassium  iodide  were  studied. 

EXPERIMENTAL 

The  reaction  of  the  esters  with  nucleophilic  reagents  was  run  in  alcohol.  Aqueous  alcohol  solutions  of 
the  2,4 -dinitrophenyl  esters  of  benzenesulfonic  acid  (1),  p-chlorobenzenesulfonic  acid  (2)  and  o-nitrobenzenesul¬ 
fonic  acid  (3)  were  heated  under  reflux  for  40  minutes,  with  the  amines;  aniline,  p-  and  o-toluidine,  p-anisidine, 
dimethyl-  and  diethyl -p-phenylenediamine,  and  o-naphthylamine. 

2,4 -Dinitrodiphenyla mine,  A  mixture  of  1.08  g  of  2,4-dinitrophenyl  benzenesulfonate  and  0.6  g  of  aniline 
was  dissolved  in  25  ml  of  90%  alcohol  and  the  solution  heated  under  reflux  for  40  minutes.  The  solution  was  yellow 
at  first,  then  it  gradually  turned  red,  and  by  the  end  of  heating  it  was  completely  red.  Half  of  the  alcohol  was 
distilled  off,  and  the  remaining  solution  on  cooling  deposited  large  red  needles,  which  were  filtered  and  washed 
with  water.  Recrystallization  from  alcohol  gave  0,774  g  (90%)  of  2,4 -dinitridiphenyla mine.  M.  p.  154-156*.  The 
aqueous  filtrate  was  evaporated  to  give  first  0.044  g  (7.37®)  of  2,4-dinitrophenol,  and  then  0.743  g  (88%)  of  the  aniline 
salt  of  benzenesulfonic  acid.  Consequently,  the  reaction  goes  with  bond  rupture  at  the  aryl  radical  to  the  extent  of 
90%  and  with  rupture  at  the  phenoxy  group  to  the  extent  of  7%.  In  subsequent  reaction  of  aryl  sulfonates  with  amines 
only  the  diphenylamines  were  isolated,  and  the  direction  of  reaction  was  judged  by  their  yield.  The  reactants  — 
ester  (0,0033  g-mole)  and  amine  —  were  taken  in  a  1  :  2  ratio.  In  all  cases,  with  the  exception  of  p-nitroaniline, 
orange -red  precipitates  of  variable  hue,  corresponding  to  the  substituted  dinitrodiphenylamines,  were  obtained  in 
good  yield  (70-90%). 

When  2,4-dinitrophenyl  benzenesulfonate  was  reacted  with  ammonia  under  the  indicated  conditions  we  ob¬ 
tained  only  2,4-dinitrophenol  and  benzenesulfonamide,  i.e,,  the  reaction  goes  with  bond  rupture  at  the  phenoxy 
group.  The  passage  of  dry  ammonia  into  a  boiling  solution  of  1.08  g  of  2,4-dinitrophenyl  benzenesulfonate  in  20  ml 
of  benzene  gave  the  ammonium  salt  of  benzenesulfonic  acid  (0.4  g)  and  from  the  solution  we  isolated  0.37  g  (60%) 
of  2,4-dinitroaniline,  0.05  g  of  benzenesulfonamide  and  0.2  g  of  dinitrophenol. 

Reaction  of  the  esters  with  KCNS  and  KI  was  run  under  more  drastic  conditions.  The  aqueous  alcohol  solution 
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of  ester  (0.0033  g-mole)and  KCNS  or  KI  (1  :  1  ratio)  was  heated  for  18  hours  on  the  water  bath  at  80*.  On  conclu¬ 
sion  of  reaction  the  alcohol  was  distilled  off.  The  aqueous  solution  wi*  precipitate  was  filtered  and  the  precipitate 
washed  with  water.  The  amount  of  CNS“  or  I"  ions  in  the  filtrate  was  determined  by  titration,  which  could  serve 
as  an  indirect  indication  of  the  reaction  course. 

2,4-Dinitrothiocyanobenzene.  A  mixture  of  1.23  g  of  2,4-dinitrophenyl  o-nitrobenzenesulfonate  and  0.32  g 
of  KCNS  was  dissolved  in  25  ml  of  90*^0  alcohol.  The  reaction  was  run  the  same  as  indicated  above.  The  aqueous 
filtrate  was  collected,  diluted  to  250  ml,  and  50  ml  aliquots  taken  for  titration  (0.6  ml  of  0.1-N  AgN03  was  con¬ 
sumed).  Titration  showed  that  80*70  of  the  KCNS  had  reacted.  The  precipitate  on  the  filter  was  shaken  with  10®^ 
Na2COj  solution,  then  extracted  with  chloroform,  and  the  isolated  crystals  recrystallized  from  alcohol.  We  ob¬ 
tained  0.6  g  (80*70)  of  2,4-dinitrothiocyanobenzene.  M.p.  136-138*. 

The  reaction  with  KI  was  run  in  a  similar  manner.  Here  70%  of  the  KI  reacted,  but  we  were  unable  to  ob¬ 
tain  any  2,4-dinitroiodobenzene,  and  only  2,4-dinitrophenol  (0.59  g,  60%)  was  isolated  from  the  precipitate  and 
distilled  alcohol.  Apparently,  the  2,4-dinltroiodobenzene  was  converted  to  2,4-dinitrophenol. 

All  of  the  indicated  reactions  were  run  with  esters  (1),  (2)  and  (3),  which  gave  similar  reaction  products  in 
close  yields.  The  experimental  results  are  given  in  the  table. 

TABLE 

Reaction  of  2,4-Dinitrophenyl  o-Nitrobenzenesulfonate  With  Ammonia,  Aromatic  Amines, 

KCNS  and  KI 


Reagent 

Reaction  product 

R  =  2,4-(N02)2C8Hj 

Yield  1 

Melting 

point 

g 

%• 

NH, 

RNH2 

0.370 

60 

180-182® 

C6H5NH2 

RNHCbHr 

0.774 

90 

153-155 

P-CH3C6H4NH2 

RNHC0H4CH3-P 

0.773 

85 

134—135 

a-CioHvNHa 

RNHCinH, 

0.820 

80 

190-191 

o-CHgCeHjNHa 

RNHC6H4CH3-0 

0.682 

75 

125—126 

p  -CHtOCgH^NHa 

RNHCBH4OCH3-P 

0.768 

80 

139—140 

P-(CH3)2NCbH4NH2 

RNHC6H4N{CH3)2-P 

0.705 

70 

166—167 

p  -(C2H5)2NCeH4NH2 

RNHCeH4N(C2H5)2-p 

0.748 

68 

107-110 

P-NO2C8H4NH2 

No  reaction 

KCNS 

RCNS 

0.600 

80 

137—139 

KI 

Not  isolated 

The  experimental  data  indicate  that  the  reactions  with  aromatic  amines  go  in  good  yields  if  nucleophilic 
substituents  are  present  in  the  benzene  ring,  increasing  the  basicity  of  the  amino  group,  i.e.,  its  electron -donor 
properties.  The  introduction  of  an  electrophilic  substituent  apparently  reduces  the  electron -donor  properties  of 
the  amino  group  to  such  an  extent  that  the  reaction  with  p-nitroaniline  failed  to  go.  Consequently,  nucleoj^ilic 
substitution  reactions  in  the  case  of  aryl  sulfonates  can  go  only  if  agents  with  a  large  nucleophilic  affinity  are 
present  [17]. 

All  of  the  executed  reactions  certainly  indicate  alkyl-oxygen  fission.  It  is  possible  to  assume  that  alkyl- 
oxygen  fission  does  not  necessarily  proceed  with  the  formation  of  free  carbonium  ions,  but  instead  can  be  accompli 
shed  by  pseudoionic  mechanisms,  where  fission  of  the  intermediately  formed  reaction  complexes  should  proceed 
at  the  most  polar  bonds  [18].  In  the  esters  of  2.4-dinitrophenol,  in  the  presence  of  electron -donor  reagents,  such 
a  bond  is  the  C-O  bond,  and  not  the  S-0  bond.  The  reaction  with  KCNS  may  be  depicted  by  the  scheme; 


O 

t 

NOa— CoH<S- 
O 


-OjCeHslNOalz 

K-CNS 


NOaCoHiSOaOK  h-  (NOalaCRHsCNS, 
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Apparently  preliminary  polarization  of  the  H“NHR  bond  occurs  in  the  case  of  ammonia  and  amines.  Here 
the  arylation  mechanism  may  be  depicted  by  the  scheme 

O 

t  I 

N02-C8H4S-0— CeHsiNOalj  NOj— C#H4S020H (N08)2CaH3NHR. 

6  H-NHR 


SUMMARY 

The  reaction  of  the  2,4-dinitrophenyl  esters  of  benzenesulfonic  acid,  p-chlorobenzenesulfonic  acid  and  o- 
-nitrobenzenesulfonic  acid  with  ammonia,  aromatic  amines,  KCNS  and  K1  was  studied.  The  corresponding  sub¬ 
stituted  dinitrodiphenylamines  and  2,4-dinitrothiocyanobenzene  were  obtained.  The  isolated  reaction  products 
indicate  that  the  esters  of  2.4-dinitrophenol  and  substituted  benzenesulfonic  acid  suffer  alkyl -oxygen  fission. 
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THE  THERMAL  ADDITION  OF  T  RI CHL  O  RO  S  I L  A  N  E  TO 


DIOLEFIN  HYDROCARBONS 

M.  G.  Voronkov  and  N.  G.  Romanova 


In  a  previous  work  [1]  we  investigated  the  reaction  of  the  thermal  addition  of  trichlorosilane  to  monoolefin 
hydrocarbons.  We  later  considered  it  of  interest  to  extend  this  reaction  to  various  diolefin  hydrocarbons.  There 
are  certain  references  in  literature  [2-8],  mainly  dealing  with  patents,  of  the  possibility  of  carrying  out  both  thermal 
[2-6]  and  catalytic  [1-8]  addition  reactions  of  trichlorosilane  and  diolefin  hydrocarbons.  We  did  not  succeed  in 
adding  trichlorosilane  to  a  number  of  diolefins  containing  conjugated  double  bonds  in  the  presence  of  organic  per¬ 
oxides  or  under  the  influence  of  ultraviolet  light  because  these  agents  caused  polymerization  of  the  initial  hydro¬ 
carbons  which  took  place  much  more  rapidly  than  die  addition  of  HSiCls  to  the  double  bond.  In  the  majority  of 
instances,  however,  when  the  reaction  was  carried  out  in  the  absence  of  catalysts  at  increased  temperature  and 
pressure,  the  desired  result  was  obtained. 

We  carried  out  the  thermal  addition  reaction  of  trichlorosilane  and  aliphatic  or  alicyclic  hydrocarbons  con¬ 
taining  two  isolated  or  conjugated  double  bonds  in  an  autoclave  at  280"  under  the  same  conditions  as  in  the  case 
of  monoolefins  [1].  In  this  process  it  was  found  that  1,5-hexadiene  containing  isolated  double  bonds  reacts  with 
excess  trichlorosilane  in  a  similar  way  to  monoolefin  hydrocarbons,  giving  70%  yield  of  1,6-bis  (trichlorosilyl)- 
hexane  according  to  the  system; 


CHa-  CH{CHa)2CH=CH2  ClaSifCHalr.SiCI;,. 


The  structure  of  the  latter,  established  by  the  combination  dispersion-spectrum  of  light,  shows  that  even  with 
the  presence  of  two  isolated  double  bonds  in  the  hydrocarbon  molecule  the  addition  takes  place  according  to 
Farmer's  mle  [9],  i.e.,  the  SiCls  group  combines  with  the  most  hydrogenated  carbon  atom  having  a  double  bond. 


1,3-Cyclopentadiene  which  contains  conjugated  double  bonds  also  adds  smoothly  and  readily  to  trichlorosi¬ 
lane  giving  a  45%  yield  of  l,3-bis(trichlorosilyl)cyclopentane 


f2HSiCIi 

- -V 


CIsSi— '  SiCl3 


This  compound  was  obtained  with  a  28.5%  yield  by  the  addition  of  trichlorosilane  to  4,7-methano-4,7,8,9- 
-tetrahydroindene  (dicyclopentadiene).  Its  formation  evidently  precedes  the  thermal  depolymerization  of  dicyclo- 
peiitadiene  to  cyclopentadiene.  The  formation,  with  a  low  yield,  of  a  mixture  of  isomeric  addition  products  of  one 
and  two  molecules  of  trichlorosilane  and  a  molecule  of  dicyclopentadiene  was  also  noted. 

The  reaction  of  trichlorosilane  with  1,3-cyclohexadiene  led  unexpectedly  to  the  formation  of  cyclohexyl- 
trichJorosilane  and  benzene.  This  can  be  explained  by  the  fact  that  under  the  reaction  conditions  1,3-cyclohexa¬ 
diene  undergoes  "irreversible  catalytic  conversion"(see[10])  into  benzene  and  cyclohexene*to  which  trichloro¬ 
silane  i'.  also  added  according  to  the  system: 


hllSiCI, 


-SiCla 


•  When  cyclohe.xadiene  is  heated  in  an  iron  autoclave  at  300*  for  6  hours  benzene  and  cyclohexane areformed  [11]. 
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Addition  Products  of  Trichlorosilane  and  Diolefins 


ition  of  the  trichlorosilyl  groups  in  the  addition  product  is  hypothetical, 


In  the  tliermal  addition  of  trichlorosilane  to  D,L-l-methyl-4-isopropenyl-l-cyclohexene  (dipentene)  (I) 
inethyltrichlorosilane  (V)  and  cyinene  (III)  are  formed  as  well  as  the  normal  addition  product  of  two  molecules  of 
trichlorosilane  (yield  20%).  The  reaction  mechanism  of  their  formation  may  be  represented  in  the  following 
manner: 


2CH2=C-.  CHs  -  2CH;,-CH-/ 


CH., 


I 

CH., 


(I)  (II) 

CH,-CH-//  -4-  CH.,-CH-  S-CH. 


CH, 


-CH.,  -4-  CH.,-CH- 

I 

CH., 


(Ill) 


(IV) 


SiCia 

_ I 

CH3-CH-<^  CHg 

CHa  (V) 


Dipentene  (I)  isomerizes  to  ct-terpinene  (II)  as  a  result  of  the  migration  of  the  double  bond  from  the  bopro- 
penyl  group  Into  the  ring.  As  in  the  case  of  cyclohexadlene  the  a-terplnene  undergoes  "irreversible  catalytic  con¬ 
version"  to  cymene  (III)  and  carbomenthene  (IV),*  which  also  adds  a  molecule  of  trichlorosilane. 

Table  1  gives  the  addition  products  obtained  from  trichlorosilane  and  die  five  investigated  diolefins  their 
yields,  physical  properties  and  the  data  from  determination  of  the  molecular  weight.  The  results  of  our  investigar 
tions  on  the  thermal  addition  of  trichlorosilane  and  aliphatic  diolefins  with  conjugated  double  bonds  will  be  given 
in  another  work. 


TABLE  2 


Physical  Constants  of  the  Initial  Diolefins 


Diolefin 

Boiling  point 
(at  760  mm) 

a  4 

n*«D 

(n*V  -  n*®C)  •  Ky* 

1,5-Hexadiene . 

59.4* 

0.6930 

1.40381** 

100.9 

1,3-Cyclopentadiene . 

40.3 

- 

1.4437 

127.5 

1,3-Cyclohexadiene . 

80.5 

0.8408 

1.4749 

130 

Dipentene  . 

176.6 

- 

1.4738 

111 

Dicyclopentadiene  . 

54  (14  mm)*** 

— 

1.5012 

114 

EXPERIMENTAL 

Initial  reagents.  Trichlorosilane  [1],  1,5-hexadiene  [14],  1,3-cyclopentadiene  [15]  and  1,3 -cyclohexadlene 
[16]  were  obtained  and  purified  by  methods  described  in  literature.  Dicyclopentadiene  was  washed  with  a  solution 
of  KOH  and  then  with  water;  it  was  dried  over  CaClj  and  was  twice  fractionally  distilled  under  vacuum  over 
metallic  sodium.  The  physical  properties  of  the  diolefins  corresponding  to  the  most  reliable  literature  data, 
are  given  in  Table  2.  Diolefins  with  conjugated  double  bonds  were  introduced  into  the  reaction  immediately 
after  they  were  obtained. 

Investigation  procedure.  All  the  reactions  were  carried  out  in  a  250  ml  steel  autoclave  equipped  with  a 
copper  obturator  and  a  manometer.  The  autoclave  was  heated  in  an  oil  thermostat  at  280  ±  5*.  The  course  of 
the  reaction  was  controlled  according  to  the  pressure  in  the  autoclave.  Heating  was  carried  out  until  the  drop  in 
the  pressure  had  completely  ceased.  The  liquid  reaction  products  were  dbtllled  from  a  flask  with  an  arborescent 

"The  thermal  conversion  of  dipentene  (limonene)  to  cymene  and  carbomenthene  in  the  presence  of  copper  b  described 
In  literature  [12], 

••n^®C  1.40087. 

•••  M.p.  32.5*. 
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fractionating  column  at  ordinary  or  reduced  pressure  after  which  they  were  purified  by  distillation  in  a  fractionat¬ 
ing  column  with  an  efficiency  of  20  theoretical  plates.  The  purified  products  were  immediately  sealed  in  ampoules 
and  in  all  operations  carried  out  on  them,  measures  wereadopted  to  prevent  the  penetration  of  atmospheric  moisture. 
The  analytical  procedure  and  the  method  of  determining  the  physical  constants  have  been  described  by  us  pre¬ 
viously  [1], 

The  addition  of  trichlorosilane  to  1.5-hexadiene.  A  mixture  of  24.6  g  of  1,5-hexadiene  and  108.4  g  of  tri- 
chlorosilane  was  heated  in  an  autoclave  at  280*  for  10  hours.  The  maximum  pressure  in  the  autoclave  (45  atm) 
fell  to  10  atm  by  the  end  of  this  period  and  remained  subsequently  unchanged.  The  reaction  product  (127  g),  a 
yellow -green  liquid,  was  fractionally  distilled.  As  a  result  74.1  g  (70%)  of  l,6-bis(trichlorosilyl)hexane  with  a 
b.p.  of  278-286*  was  obtained.  After  repeated  distillation  in  an  efficient  column,  54.0  g  of  the  pure  substance  was 
obtained;  the  constants  and  analytical  data  of  the  latter  are  given  in  Table  1. 

Combined  dispersion  spectrum  Ay  cm"^:*  169  (6),  212  (0),  232  (3),  271  (4),  318  (1),  442  (10),  469  (8), 

500  (2),  564  (3  long),  590  (3  long),  762  (6  broad),  997  (1),  1046  (1),  1069  (1),  1105  (1),  1192  (2  long),  1247  (1  long), 
1307  (3),  1400  (3),  1443  (6),  2861  (3),  2900  (2  long),  2936  (2  long). 

The  absence  in  the  spectrum  of  the  frequency  y  (C  —  H)t  2970-2990  cm  \  characteristic  for  the  “CHs  group 
and  tire  presence  of  the  doublet  y  (Si  ~  Cl),  564,590  cm”^,  characteristic  for  the  -CH2~SiCl3  group,  undoubtedly 
shows  that  the  addition  product  is  l,6-bis(trichlorosilyl)hexane.  In  addition  to  the  latter,  5  g  of  a  substance  was 
obtained  which  had  a  b.p.  of  182-192*,  contained  49%  of  hydrolyzable  chlorine  and  decolorized  a  solution  of 
bromine  in  chloroform.  It  must  be  assumed  that  this  was  5-hexenyltrichlorosilane. 

The  addition  of  trichlorosilane  to  1,3-cyclopentadiene.  13.2  g  of  cyclopentadiene  and  67.7  g  of  trichloro¬ 
silane  were  heated  in  an  autoclave  at  280*  for  15  hours.  The  maximum  pressure  of  31  atm  at  this  temperature 
fell  during  a  period  of  12  hours  to  15  atm  and  subsequently  remained  unaltered.  As  a  result  of  the  fractional  dis¬ 
tillation  of  the  autoclave  contents  (74  g)  16  g  of  the  initial  trichlorosilane  and  30.4  g  (45%)  of  bis(trichlorosilyl)- 
cyclopentane  with  a  b.p.  of  143-149*  (16  mm)  were  obtained.  After  redistillation  under  vacuum  in  a  column  it 
had  the  consunts  given  in  Table  1. 

The  reaction  of  trichlorosilane  with  dicyclopentadiene.  26,4  g  of  dicyclopentadiene  and  135.5  g  of  trichloro¬ 
silane  were  heated  in  an  autoclave  at  280“  for  19  hours.  The  maximum  pressure  in  the  autoclave  was  38  atm,  the 
minimum  was  26  atm.  As  a  result  of  the  fractional  distillation  of  the  reaction  mixture  (157  g)  about  50  g  of  ex¬ 
cess  trichlorosilane  and  38.4  g  (28.5%)  of  bis(trichlorosilyl)cyclopentane  with  a  b.p.  of  122-127*  (6  mm)  were  ob¬ 
tained.  After  redistillation  it  had  constants  (Table  1)  similar  to  the  constants  of  this  compound  obtained  from 
cyclopentadiene.  In  addition  to  this  compound,  9.1  g  of  the  addition  product  of  one  molecule  of  trichlorosilane 
and  a  molecule  of  dicyclopentadiene  (evidently  a  mixture  of  isomeric  trichlorosilyl-4,7-methanohexahydroindenes) 
was  obtained;  the  latter  was  a  thick  yellow  liquid  with  a  b.p.  of  200-230*  (10  mm). 

Found  %:  Cl  39.95,  40.09,  C10H13CI3SI.  Calculated  %:  Cl  39.74. 

A  small  amount  of  a  substance  with  a  b.p.  of  280-300*  (6  mm),  containing  silicon  and  hydrolyzable  chlorine, 
was  obtained  from  the  higher-boiling  residue.  It  must  be  assumed  that  this  was  the  addition  product  of  two  mo¬ 
lecules  of  trichlorosilane  and  a  molecule  of  dicyclopentadiene  (a  mixture  of  isomeric  bis(trichlorosilyl)-4,7-methano 
octahydroindenes). 

The  reaction  of  trichlorosilane  with  1,3-cyclohexadiene.  16.0  g  of  cyclohexadiene  and  81.3  g  of  trichloro¬ 
silane  were  heated  in  an  autoclave  at  280*.  1.5  hours  after  the  commencement  of  heating  the  pressure  increased 
to  46  atm  and  after  0.5  hours  began  to  fall,  reaching  30  atm  after  12  hours.  Further  heating  for  6  hours  did  not 
result  In  a  change  in  the  pressure.  The  reaction  mixture  obtained  (95.0  g  of  a  green  fluorescent  liquid)  was  frac¬ 
tionally  distilled.  As  a  result  49.0  g  of  the  initial  trichlorosilane  and  9.0  g  of  a  substance  with  a  b.p,  of  50-85* 
were  obtained.  The  latter  was  washed  with  water  and  a  solution  of  alkali,  dried  over  CaClj  and  distilled  over 
sodium.  A  main  fraction  with  a  b.p.  of  78-82*  was  obtained  and  identified  as  benzene  in  the  form  of  m-dinitro- 
benzene  wltli  an  rn.p.  of  88-89*.  A  mixed  melt  with  commercial  m -dinitrobenzene  showed  no  depression  of  the 
melting  point. 

.Tlie  higher-boiling  residue  was  distilled  under  vacuum  (the  distillation  was  accompanied  by  intense  frothing), 

•The  combined  dispersion  spectrum  was  determined  by  V.  A.  Kolesova  (see  [17])  to  whom  we  wish  to  express 
our  gratitude. 
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As  a  result  10.0  g  of  a  substance  was  obtained  which  had  a  b.p,  of  88-93*,  did  not  add  bromine  and  after  redistil¬ 
lation  had  the  constants  given  in  Table  1.  These  constants  agree  well  with  the  literature  data  for  cyclohexyltri- 
chlorosilane  [1,  17]:  b.p.  206.5*  (760  mm),  90*  (10  mm),  d*'’4  1.222,  n*®D  1.4774.  The  data  of  the  analysis  and 
the  molecular  weight  determination  also  confirm  that  the  substance  obtained  was  cyclohexyltrichlorosilane. 

The  reaction  of  trichlorosilane  with  dipentene.  A  mixture  of  27.2  g  of  dipentene  and  67.7  g  of  trichloro- 
silane  was  heated  in  an  autoclave  at  280*  for  20  hours.  After  several  hours  the  maximum  pressure  of  25  atm 
established  fell  to  20  atm,  after  which  it  remained  constant  the  whole  time.  As  a  result  of  the  fractional  distil¬ 
lation  of  die  mixture  of  reaction  products  (93.0  g),  firstly  at  atmospheric  pressure  and  then  under  vacuum,  13.5  g 
of  the  initial  trichlorosilane  with  a  b.p.  of  32-37*  and  three  principal  higher-boiling  fractions  were  obtained:  1st 
fraction  56-62*  (10  mm).  9.2  g;  2nd.  124-130*  (8  mm).  18.5  g;  3rd,  166-174*  (7  mm),  16.5  g.  The  residue  in 
the  flask  had  a  b.p.  above  250®  (5  mm). 

As  a  result  of  die  nitration  of  the  1st  fraction, 2, 6-dinitro-p-cymene  with  an  m.p.  of  54*  was  obtained  (the 
identity  was  proven  by  a  mixed  melt).  After  redistillation  the  2nd  fraction  had  the  constants  given  in  Table  1. 
This  substance  does  not  add  bromine  and  according  to  the  analytical  data  and  the  molecular  weight  determination 
(Table  1)  corresponds  to  the  formula  CioHigSiCls,  i.e.,  1-methyl -4-isopropyl-trichlorosilylcyclohexane.  The  yield 
was  68%.  From  the  analytical  data  and  the  molecular  weight  determination  (Table  1)  the  3rd  fraction  corresponds 
to  the  addition  product  of  two  molecules  of  trichlorosilane  and  a  molecule  of  dipentene  (yield  20%). 

SUMMA  RY 

The  thermal  addition  of  trichlorosilane  to  diolefin  hydrocarbons  with  isolated  and  conjugated  double  bonds 
was  investigated.  In  the  first  instance  the  addition  reaction  takes  place  normally  according  to  the  law  of  free 
radical  addition.  The  addition  of  trichlorosilane  to  1,3-cyclopentadiene  and  dicyclopentadiene  leads  mainly  to 
the  formation  of  bis(trichlorosilyl)  cyclopentane.  The  reaction  of  trichlorosilane  with  1,3-cyclohexadiene  and 
also  to  a  considerable  extent  with  dipentene  is  abnormal,  leading  to  the  formation  of  the  addition  product  of  the 
corresponding  cyclomonoolefine,  the  product  of  the  "irreversible  catalytic  conversion"  of  the  initial  hydrocarbon. 
6  addition  products  of  trichlorosilane  and  diolefins  are  described,  the  majority  of  them  being  hitherto  unknown. 
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INVESTIGATIONS  IN  THE  FIELD  OF  A  LKOX  YS IL  A  N  ES 
XII.  HEXA -TERTIARY-BUTOXYCYCLOTRISILOXANE* 

M.  G.  Voronkov,  V.  P.  Davydova  and  A.  N.  Lazarev 


Polydlalkoxycyclosiloxanes  [(RO)2SlO]jj  have  hitherto  been  obtained  by  a  hydrolysis  reaction  [2-4]. 


(RO)2SiX2  ■+■ /1H2O  [(R0)2Si01»  ■+■  2nHX, 

where 

R  =  C2H6.  C4H9:  X  =  Cl,  OC2H5,  NH2;  n  =  3-8. 


We  observed  a  very  interesting  instance  of  the  formation  of  hexa-tertiary-butoxycyclotrislioxane,  previously 
unknown,  by  the  intramolecular  condensation  of  tri-tertiary-butoxyacetoxysilane  in  a  medium  of  tertiary  butyl 
alcohol*  •  in  the  presence  of  sodium  tertiary  butylate  according  to  the  system 

3(RO)2Si(OR)OCOCH3  -»  [(RO)2SiO]3-H3CH3COOR,whereR  =  C(CH3)3. 

A  reaction  of  this  type  with  the  formation  of  a  siloxane  bond  as  a  result  of  the  condensation  of  alkoxy-  and 
aryloxysilanes 


-Si-OR-f-R'COOS 


-►  ^Si-O-Si^-4-R'COOR 


has  hitherto  been  little  known  in  the  chemistry  of  organosilicon  compounds  [5]. 

It  should  be  noted,  however,  that  an  analogous  condensation  of  alkoxysilanes  with  acetates  or  acetoxysilanes 
with  alkoxides  of  other  elements  has  been  fairly  extensively  described  [6-8],  It  is  also  of  interest  that  the  principal 
product  of  the  above-mentioned  reaction  is  the  completely  stable  cyclic  trisiloxane  and  not  tetrasiloxane  as  might 
have  been  expected.  This  is  undoubtedly  due  to  the  influence  of  the  tertiary  butoxy  groups. 

In  contrast  to  octaethoxycyclotetrasiloxane,hexaethoxycyclotrisiloxane  is  obtained  with  difficulty  and  is 
extremely  unstable  [4]. 

We  did  not  succeed  in  carrying  out  the  condensation  reaction  of  alkoxysilanes  with  acetoxysilanes  in  other 
examples.  This  is  explained  by  the  fact  that  the  corresponding  sodium  alcoholate  which  catalyzes  this  reaction 
readily  reacts  with  acetoxysilanes  according  to  the  system 

-Si-OCOCH3-4-  RONa  ->  ^Si-OR  ♦-  CHsCOONa, 


as  a  result  of  which  it  is  completely  removed  from  the  sphere  of  the  reaction  and  the  acetoxysilane  is  converted 


•For  previous  communication  see  [1], 

**In  the  absence  of  (CH3)3COH  the  reaction  proceeds  in  a  different  direction. 
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Into  the  corresponding  alkoxy  derivative.  In  the  case  of  trl-tertiary-butoxyacetoxysilane  an  analogous  reaction 
with  sodium  tertiary  butylate  does  not  take  place  owing  to  steric  hindrance. 

The  infrared  absorption  spectrum  of  hexa-tertiary  butoxycyclotrisiloxane  was  investigated  in  die  700-400cm"^ 
region  by  means  of  a  VIKS-MZ  spectrometer  with  an  NaCl  prism.  The  sample  was  prepared  by  the  method  of  press¬ 
ing  a  disk  (25  mm  in  diameter)  from  a  mixture  of  10  mg  of  the  substance  and  2  g  of  KBr  [9].  The  values  of  the 
frequencies  obtained  in  the  absorption  spectmm  of  hexa-tertiary  butoxycyclotrisiloxane  (in  cm“^)  are  given  below: 
2975.  ~1470(db),*1391,  1368,  1246,  ~1210,  1193,  1131,  1084,  1046,  982,  914,  837,  824,  769,  *-715  (b)* *7 02, 

A  band  in  the  3500  cm’^  region,  associated  with  the  presence  of  traces  of  moisture  in  the  KBr,  is  also  present 
in  the  spectrum  shown  in  Fig.  1. 


Fig.  1.  Infrared  absorption  spectrum  of  hexa-tertiary  butoxycyclotrisiloxane. 

•  —  band  of  the  water  contained  in  KBr. 

A  hypodietical  interpretation  can  be  given  for  some  of  the  bands  observed.  In  the  region  of  deformation 
vibrations  of  the  CHs  groups, a  band  of  antisym metrical  vibration  of  1470  cm“^  and  two  bands  of  symmetrical 
vibrations  of  the  CHs  groups  (1391  and  1368  cm’*),  characteristic  of  a  tertiary  butyl  group,  are  present.  Of  the 
1391  and  1368  cm"*  bands  the  second  is  more  intense,  which  is  also  typical  of  a  C(CHs)s  group  [10]. 

The  1246  cm’*  band  is  attributed  to  the  skeletal  vibrations  of  the  C(CH3)s  group,  it  being  probable  that  the 
914  cm"*  band  is  also  caused  by  ±e  vibrations  of  this  group.  The  intense  1084-1064  cm"*  bands  are  associated 
with  Si~0~Si  and  Si~0— C  valence  vibrations.  It  is  possible  that  the  1193  cm"*  band  is  included  in  the  C  “O 
vibrations  although  it  is  not  out  of  the  question  that  the  existence  of  the  1246  and  1193  (or  1210)  cm"*  frequencies 
is  caused  by  the  frequently  observed  splitting  of  the  vibration  frequency  of  the  C(CHs)  group  [10]. 

It  is  of  interest  to  compare  the  spectrum  of  hexa-tertiary  butoxycyclotrisiloxane  with  that  of  tetta -tertiary 
butoxysilane,  previously  investigated  by  us  [11,  12],  The  spectra  show  a  considerable  similarity  (with  the  exception 
of  the  disappearance  of  the  1027  cm’*  band,  if  it  is  not  hidden  by  the  edge  of  the  stronger  1046  cm"*  band)  but 
the  831  cm"*  band  splits  into  two  (837  and  824  cm"*)  and,  in  addition,  a  new,  fairly  intense  769  cm"*  band  appears. 
It  should  be  noted  that  the  band  of  Sl-O-Sl  and  Si— O— C  vibrations  in  hexa-tertiary  butoxycyclotrisiloxane  con¬ 
sists  of  two  further -removed  components  (1084  and  1064  cm"*)  than  in  tetra -tertiary -butoxysilane  (1063  and 
1053  cm"*);  its  frequency  is  not  only  unreduced  but  is  even  somewhat  increased. 

In  all  the  investigated  alkyl-  and  arylsiloxanes  the  Si— O  vibration  band  in  the  spectra  of  cyclotrisiloxanes 
is  displaced  toward  the  lower  frequencies  (1020  cm"*)  while  in  the  spectra  of  cyclotetrasiloxanes  and  higher -mem - 
bered  siloxane  rings  this  band  lies  in  the  1050-1100  cm"*  region,  i.e.,  it  differs  little  from  the  frequencies  of  linear 
siloxanes  (Si— O— Si  bonds)  and  alkoxysilanes  (Si— O— C  bonds)  [10,  13].  It  is  natural  to  associate  this  fact  with  the 
differences  in  the  structures  of  cyclic  tri-  and  tetra  siloxanes.  According  to  data  obtained  by  x-rays  and  the  electron 
diffraction  camera,  cyclosiloxanes  form,  as  a  rule,  a  nonplanar  unstressed  ring  [14,  15]  and  only  in  the  case  of  cyclo¬ 
trisiloxanes  do  all  the  Si  and  O  atoms  lie  in  the  same  plane  [16-18].  The  SiOSi  angles  in  cyclotrisiloxanes  are 
smaller  than  in  the  higher  cyclosiloxanes  (136*  in  hexamethylcyclotrisiloxane  and  142.5" in  octamethylcyclotetra- 
siloxane  [14]);  this  evidently  also  explains  the  reduction  in  the  frequency  of  the  antisymmetrical  vibration  of  the 
Si-O-Si  bond.  Since  a  reduction  in  the  frequency  of  the  Si-O  vibrations,  characteristic  of  cyclotrisiloxanes,  is 
not  found  in  the  spectrum  of  hexa-tertiary  butoxycyclotrisiloxane  we  believe  it  can  be  assumed  that  in  this  in- 
sunce  the  SiOSi  angles  are  close  to  the  values  of  the  angles  in  cyclotetrasiloxanes  and  aliphatic  siloxane.  An  in¬ 
crease  in  the  SiOSi  angles  in  hexa-tertiary  butoxycylotrisiloxane  is  only  possible,  however,  as  a  result  of  a  decrease 
in  the  OSiO  angles  which  are  usually  close  to  those  of  a  tetrahedron.  It  may  be  considered  that  such  a  reduction  of 

•  Double. 

•  •  Broad. 
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the  OSiO  angle  in  the  ring  is  due  to  the  presence  of  two  "spatially  difficult"  OC(CH3)3  groups  added  to  each  si¬ 
licon  atom.  This  corresponds  to  the  ideas  of  Ingold  and  Thorpe  [19]  according  to  which  as  a  result  of  mutual  re¬ 
pulsion  the  gern  substituents  in  a  tetrahedral  atom  in  a  ring  reduce  the  angle  between  two  other  valence  bonds  in¬ 
cluded  in  the  ring. 


EXPERIMENTAL 

Hexa -tertiary -butoxycyclotrislloxane .  61,5  g  of  tri-tertiary  butoxyacetoxysilane  [20]  was  added  dropwise 
with  stirring  to  a  boiling  solution  of  5.75  g  of  metallic  sodium  in  118.6  g  of  anhydrous  tertiary  butyl  alcohol. 

After  the  boiling  reaction  mixture  had  been  stirred  for  two  hours, the  volatile  products  (85  g  with  a  b.p.  of  25-33* 
at  25-30  mm)  were  distilled  from  the  former  under  vacuum  on  an  oil  bath,  the  temperature  of  which  had  been 
raised  to  150*.  The  voluminous  dry  residue  left  in  the  distillation  flask  was  extracted  with  absolute  ether.  Well- 
formed  white  needles  were  deposited  from  the  ethereal  solution  when  it  was  evaporated;  after  recrystallization 
from  alcohol  the  m.p.  of  the  crystals  was  135*  (after  sublimation  under  vacuum  the  m.p,  was  136*). 

Found  %  C  50.72,  50.82;  H  9.51,  9.59;  Si  14.58,  14.54.  M  571.5,  559.6.  Ci4H54pjSis.  Calculated  % 

C  50.49;  H  9.54;  Si  14.45.  M  570.96. 

The  yield  of  the  pure  substance  was  11.4  g  (30%).  Tri-tertiary  butoxyacetoxysilane  did  not  give  hexa- 
tertiary  butoxycyclotrisiloxane  on  long  boiling  with  tertiary  butyl  alcohol  in  the  absence  of  sodium  tertiary  butyl- 
ate  and  when  the  reaction  mixture  was  distilled  the  initial  reagents  were  obtained  almost  unchanged. 

Attempt  to  synthesize  [(CH3)2SiO]n  from  dimethyl -n -butoxyacetoxysilane.  a)  9.5  g  of  dimethyl -n -butoxy¬ 
acetoxysilane  [21]  and  0.5  g  of  sodium  n-butylate  freed  from  traces  of  ^utanol,  were  heated  to  boiling  for  5  hours 
with  a  reflux  condenser.  After  the  reaction  mixture  had  been  distilled,9.0  g  of  unchanged  initial  dimethyl-n- 
-butoxyacetoxysilane  with  a  b.p.  of  173-174*  (757  mm),  n*®D  1.4015  was  obtained. 

b)  19.0  g  of  dimethyl- n -butoxyacetoxysilane  was  added  dropwise  with  stirring  to  a  boiling  solution  of  2.85  g 
of  metallic  sodium  in  75  ml  of  n-butyl  alcohol.  After  the  reaction  mixture  had  been  boiled  and  stirred  for  two 
hours  it  was  cooled  and  filtered.  When  the  filtrate  was  distilled ,10.5  g  (51%)  of  dimethyl-di-n  -butoxysilane  with 
a  b.p.  of  189-190*  (765  mm),  d*®4  0.8438,  n^®D  1.4051  was  obtained.  These  constants  agree  well  with  literature 
data  [22]:  b.p.  186-188"  (765  mm),  d*®4  0.8434,  n*®D  1,4058.  The  ethereal  extract  of  the  filtered  precipitate  . 
contained  hardly  any  dissolved  substances, 

SUMMARY 

It  was  shown  that  in  a  medium  of  tertiary  butyl  alcohol  and  in  the  presence  of  sodium  tertiary  butylate, tri- 
tertiary  butoxyacetoxysilane  is  converted  into  the  previously  unknown  hexa -tertiary  butoxycyclotrisiloxane.  The 
infrared  absorption  spectrum  of  this  compound  was  investigated  and  an  interpretation  of  it  was  given,  making  it 
possible  to  draw  certain  conclusions  regarding  the  ring  structure. 
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INVESTIGATIONS  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 


XC,  THE  ADDITION  OF  2-CHLORO-3-PENTENE  TO  DIVINYL* 
A.  A.  Petrov,  N.  A.  Razumova  and  M.  L.  Genusov 


The  reaction  of  2-chloro-3-penten  with  divinyl  is  one  of  the  simplest  instances  of  a  telomerization  reaction 
with  the  participation  of  a  haloid  derivative  of  the  allyl  type  and  a  diene  hydrocarbon.  In  the  first  place,  the 
possibility  of  the  addition  of  two  allyl  isomers  of  the  haloid  derivative  to  the  hydrocarbon  is  excluded  in  this  in¬ 
stance  because  they  are  identical.  Secondly,  as  a  result  of  the  symmetry  of  divinyLthe  number  of  possible  simple 
addition  products  with  the  composition  C9H15CI  is  a  minimum  in  this  instance,  being  equal  to  3  (I)  —  (III). 

CHa-CH=CH-CH-CH2-CHCl-CH=CH2  (I), 

I 

CH3 

CH3-CH=CH-CH-eH-CH=CH2  (H), 

I  I 

CH3  CH2CI 

CH3— CH=CH-CH— CHg— CH=-CH— CH2CI  (III) 

I 

CH3 

This  small  number  of  the  expected  addition  products  made  the  investigation  of  the  reaction  of  2-chloro-3- 
-pentene  with  divinyl  of  particular  interest  because  its  results  should  be  both  convincing  and  simple  in  character 
while  at  the  same  time  it  should  be  possible  to  extend  the  conclusions  from  these  results  to  more  complex  cases. 

We  investigated  the  reaction  of  2-chloro-3-pentene  with  divinyl  in  the  presence  of  stannic  chloride  in 
methylene  chloride.  The  mixtures  of  telomers  obtained  were  easily  separated  by  distillation  under  vacuum  into 
substances  with  the  formula  C9H15CI  and  the  higher  telomers.  The  relative  yield  of  the  former  depended  on  the 
extent  of  the  conversion:  with  extensive  telomerization  of  the  order  of  55,  85  and  100%  it  was  80,  78  and  65%, 
respectively.  In  this  reaction,  as  in  the  reaction  of  2-chloro-3-pentene  withisoprene  [1],  the  yield  of  simple 
addition  products  was  .therefore,  considerable  even  in  the  most  unfavorable  instance  (100%  conversion). 

When  fractionally  distilled. the  substances  with  the  formula  C9H15CI  are  readily  separated  into  two  fractions 
of  58-60*  and  69-72*  (10  mm).  The  first  of  these  was  practically  one  compound.  Its  spontaneous  separation  into 
a  number  of  members  as  a  result  of  distillation  gave  fractions  with  identical  constants:  the  second  was  undoubtedly 
a  mixture  of  at  least  two  substances. 

The  structure  of  the  low -boiling  substance  was  proven  in  the  following  manner. 

1.  The  substance  hardly  took  part  in  theSommeletreaction[2,  3]  and  formula  (111)  is,  therefore,  excluded 
from  it. 

2.  On  ozonization  it  gave  formic  and  acetic  acid.  Other  ozonization  products  were  not  isolated.  These  data, 
also,exclude  formula  (HI). 

3.  When  the  substance  was  reduced  by  Pd/  CaC03.4- nicthyloctane  was  obtained.  The  identity  of  the  latter 
•Diene  Addition.  LXIX.  The  reaction  of  dienes  with  haloid  derivatives.  IV. 
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with  known  4-methyloctane  was  established  from  the  combined  dispersion  spectrum.  The  969,  988  and  1354  cm”* 
frequencies,  characteristic  of  3,4-dimethylheptane  [4],  which  could  be  formed  as  a  result  of  the  hydrogenation  of 
the  substance  with  formula  (II)  were  not  found.  Formula  (II)  was,  therefore,  also  excluded. 

4.  In  the  infrared  spectrum  of  the  substance  there  were  intense  frequencies  characteristic  of  a  vinyl  group 
(6060,  1629,  992  and  918  cm'*). 

All  these  data  made  it  possible  to  attribute  formula  (I)  to  the  low-boiling  substance.* 

It  should  be  noted  that  as  a  result  of  the  partial  hydrogenation  of  3 -chloro-5 -methyl -1,6 -octadiene  (I)  re¬ 
arrangement  takes  place  and  instead  of  the  expected  5-methyl-l,6-octadiene,its  isomer. 5 -methyl -2,6 -octadiene, 
is  obtained  mixed  with  the  products  of  further  hydrogenation.  When  ozonized  it  gives  acetic  and  methylsuccinic 
acid.  In  the  infrared  spectrum  there  are  frequencies  of  the  —CH=  CH  group  (1660  and  957  cm"*)  while  frequencies 
of  the  vinyl  group  are  absent. 

The  structure  of  the  main  part  of  the  high-boiling  fraction  was  established  by  the  same  methods. 

1.  Approximately  65%  of  the  fraction  took  part  in  the  Sommeletreaction  and  it,  therefore,  conuined  not 

less  than  65%  of  the  primary  chloride  (III).  This  led  to  the  formation  of  the  corresponding  diene  aldehyde,  5-methyl- 
-2,6 -octadiene  aldehyde,  with  a  yield  of  about  60%  of  the  reacted  product.  The  structure  of  the  aldehyde  raises 
no  doubts  because  it  can  only  be  obtained  from  substance  (III).  In  the  infrared  spectrum  of  the  aldehyde, in  accord¬ 
ance  with  the  proposed  structure  .the  frequency  of  1670  corresponds  to  a  carbonyl  group,  1640  to  the  double  bonds 
and  970  cm"*  to  the  -CH=  CH-  group. 

2.  As  a  result  of  the  splitting  up  of  the  high -boiling  fraction  by  ozone,  acetic,  chloroacetic  and  methylsuccinic 
acids  were  obtained,  which  again  corresponds  to  formula  (III). 

3.  On  hydrogenation  of  the  investigated  fraction  by  Pd/CaCOg  4-methyloctane  was  obtained.  The  identity 
of  the  hydrocarbon  with  known  4-methyloc.tane  was  established  from  the  combined  dispersion  spectrum.  As  in  the 
first  instance  the  frequencies  of  3,4-dimethylheptane  were  not  found. 

5.  In  the  infrared  spectrum  of  this  fraction  there  are  intense  frequencies  of  1660  and  968  cm'*  correspond¬ 
ing  to  the  -CH=  CH~  group  of  the  isomer  (III). 

All  these  data  leave  no  doubt  that  the  high -boiling  fraction  of  the  initial  telomerization  products  consists 
primarily  of  a  substance  with  formula  (III). 

In  order  to  establish  the  structure  of  the  products  in  the  second  fraction  which  did  not  take  part  in  the  Sommelet 
reaction  we  subjected  the  residue  obtained  after  the  separation  of  the  aldehyde  to  hydrogenation  by  Pd/  CaCOg. 

As  a  result  a  low  yield  of  a  hydrocarbon  similar  in  properties  to  methylethylcyclohexane  was  obtained.  The  latter 
can  be  formed  by  the  hydrogenation  of  the  cyclic  chloride  (IV)  which  is  the  isomerization  (cyclization)  product 
of  substance  (III). 

The  residueafterthe  Sommeletreaction  evidently  contains  not  only  this  cyclic  chloride  but  also  some  other 
substances  with  a  carbon  atom  of  low  mobility.  In  the  infrared  spectrum  of  this  residue,  in  addition  to  the  1680 
and  972  cm"*  frequencies  which  can  be  attributed  to  the  cyclic  chloride  there  are  other  frequencies,  for  example 
912  and  923  cm'*,  which  are  obviously  due  to  the  presence  of  admixtures.  The  residue  does  not  contain  vinyl 
groups  because  the  6060  cm"*  frequency  was  not  found  in  the  spectrum.  The  isomer  (II)  was,  therefore,  not  present 
in  the  residue. 

It  was,  therefore,  established  that  as  a  result  of  the  addition  of  2-chloro-3-pentene  to  divinyl  the  isomeric 
chlorides  (1)  and  (111)  are  formed  in  approximately  equal  amounts.  Both  chlorides  form  about  80%  of  the  whole 
amount  of  the  addition  products  in  a  ratio  of  1  ;  1.  The  other  20%  consists  of  the  cyclic  chloride  (IV)  and  admixtures 
of  unknown  stmcture.  The  isomer  (II)  was  not  found  in  the  telomerization  products. 

It  is  interesting  to  note  that  under  the  same  conditions  isoprene  gives  90%  of  the  1,4  product  with  2-chloro- 
-3-penteiie  [1]. 


•  It  must  be  noted  that  as  a  result  of  telomerization  with  an  extensive  conversion  of  about  100%  a  product  containing 
far  less  of  substance  (I)  is  sometimes  obtained. 
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The  higher  fractions  of  the  telotnerization  products  were  not  investigated  in  detail.  Only  the  infrared  spec¬ 
trum  of  the  125-135*  (5  mm)  fraction  was  investigated,  frequencies  being  found  which  corresponded  both  to  the 
vinyl  group  (6060.  980  and  920  cm"*)  and  the  -CH=  CH-  group  (970  cm'*).  These  data  indicate  thatfurther  telo- 
merization  also  takes  place  with  the  formation  of  the  1,2-  and  1,4-  products. 

The  entire  process  of  the  formation  of  the  chlorides  C^isCl  from  2-chloro-3-pentene  and  divinyl  can  be 
represented  in  the  form  of  the  following  system; 


EXPERIMENTAL 

Technical  divinyl  (C4HJ  content  90%)  was  used  for  the  investigation.  2-Chloro-3-pentene  was  obtained  by 
the  hydrochlorination  of  piperidine  [1], 

Telomerization  was  carried  out  in  the  apparatus  previously  described  [5].  A  20%  solution  of  stannic  chloride 
in  methylene  chloride  (2-4  ml  per  mole  of  divinyl)  was  added  to  the  stirred  and  cooled  mixture  of  dlvinyl  and 
an  equivalent  amount  of  2-chloro-3-pentene  in  30%  (by  volum^methylene  chloride.  When  a  specific  increase  In 
the  specific  gravity  was  attained. telomerization  was  interrupted  by  the  addition  of  1.5  ml  of  diethylamine  and 
the  reaction  mixture  was  distilled  under  vacuum.  20-60  min  were  required  for  one  experiment. 

The  results  of  some  of  the  experiments  are  given  in  Table  1.  The  fraction  with  a  b.p.  of  58-80*  (10  mm) 
was  used  for  the  chlorides  CgHjsCl. 

The  results  of  the  double  distillation  of  the  chlorides  CgHjsCl,  obtained  in  Experiment  4,  in  a  Widmer 
column  (25  cm)  are  given  below;  1st  fraction  up  to  58*,  1.0  g;  2nd,  58-62*,  23  g;  3rd,  62-69*,  3.5  g;  4th,  69-72*, 
37.2  g:  5th.  72-80",  2.5  g;  6th.  80-100*,  5  g;  7th,  100-120"  5.7  g;  residue  34  g. 

Investigation  of  the  2nd  fraction.  On  repeated  distillation  the  2nd  fraction  passes  over  almost  entirely  with¬ 
in  a  temperature  range  of  1*. 

B.p.  58-59*  (10  mm),  d*®4  0,8977.  n*®D  1.4575,  MRp  48.18;  calc.  47.70. 

Found  %;  C  68.18;  H  9,59;  Cl  21.94.  C9H15CI.  Calculated  %  C  68.12;  H  9.53;  Cl  22.35. 

a)  When  the  substance  was  treated  with  urotropine  according  to  tlieSommelet-Leets reaction  [3] 'hbout  1.5% 
of  the  former  entered  into  the  reaction  over  a  period  of  1  day. 

b)  5.32  g  of  the  substance  in  60  ml  of  ethyl  chloride  was  ozonized  until  the  absorption  of  ozone  had  com¬ 
pletely  ceased.  The  ozonides  were  decomposed  with  7-8% hydrogen  peroxide.  An  aqueous  solution  of  the  fission 
products  of  the  ozonides  was  extracted  with  ether.  After  the  ether  had  been  distilled  the  residue  was  fractionated 
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under  vacuum.  A  low-bolllng  distillate  was  obtained  In  which  formic  and  acetic  acid  were  detected  (the  former 
being  detected  by  the  reduction  of  an  ammonlacal  solution  of  silver  oxide).  From  the  acetic  acid  aceunllide  was 
obtained  with  an  m.p.  of  111*.  A  mixed  sample  with  known  acetanilide  had  an  m.p.  of  111-112*. 

We  tried  to  Isolate  methylglutarlc  acid  from  the  aqueous  part  of  the  ozonization  products  but  were  unsuccess¬ 
ful. 

c)  9.38  g  of  the  substance  was  reduced  in  a  solution  of  methyl  alcohol  in  the  presence  of  40  g  of  Pd/  CaC03 
with  a  content  of  0.01  g  per  g  of  catalyst.  3638  ml  of  hydrogen  (752.5  mm,  19*)  was  absorbed,  which  corresponds 
to  83%  of  the  theoretical.  6.9  g  of  an  oil,  the  greater  part  of  which  distilled  within  limits  of  2*  (4.5  g),  was  ob¬ 
tained  from  the  distillate  by  steam  distillation  and  salting  out  with  calcium  chloride. 

B.p.  141-143*,  d*®4  0.7249,  n*®D  1.4082. 

Combined  dispersion  spectrum.  732  (0),  776  (0),  818  (1),  832  (1),  874  (1),  894  (7),  937  (1).  1033  (2), 

1051  (2),  1080  (5),  1101  (5),  1147  (6),  1192  (7),  1298  (8),  1340  (3),  1437  (10).  1455  (10)  cm"‘. 

These  data  are  similar  to  those  given  in  literature  for  4-methyloctane  [4,  6]. 


TABL  E 


1  Taken  (in  mole) 

Increase  in 

specific 

gravity 

1  Obtained  (mixture  of  telomers) 

Ratio  of 

Expt. 

No. 

divinyl 

hydro  - 
chloride 

weight 
(in  g) 

yield 
(as  %) 

%  Cl 

higher 

telomers 

1 

0.5 

0.5 

0.053 

43 

54 

1 

20.72 

4.3:  1 

2 

0.5 

0.5 

0.058 

48 

60 

4.0:  1 

3 

0.5 

0.5 

0.087 

60 

76 

19.89 

20.01 

2.5:1 

4 

1.0 

1.0 

— 

120 

76 

— 

2.2:  1 

5  • 

0.5 

0.5 

0.102 

80 

100 

2.0:  1 

1.93  g  of  the  chlorine  ion  (92%  of  that  contained  in  the  initial  substance  was  found  in  the  residue). 

d)  15.7  g  of  the  substance  in  100  ml  of  methanol  was  hydrogenated  with  Pd/  CaCOg  (25  g)  until  1.1  mole 
of  hydrogen  (2520  ml  Hj  at  767.5  mm  and  19*)  had  been  absorbed.  The  reaction  products  were  separated  by  the 
method  previously  described.  2.624  g  of  the  chlorine  ion  was  found  in  the  solution,  corresponding  to  74.8%  of 
diat  contained  in  the  sample.  6.5  g  of  hydrocarbon  and  3  g  of  residue  were  obtained. 

B.p.  59-60*  (50  mm.  138-139*  (753  mm),  d^®4  0,7427,  n*®D  1.4280. 

Found  %:  C  86.27,  86.35;  H  13.64,  13.78.  CgHje.  Calculated  %;  C  87.02;  H  12.98.  CgHig.  Calculated  %: 

C  85.63;  H  14.38. 

22,4  g  Of  bromine  was  used  for  the  bromination  of  12.4  g  of  the  hydrocarbon  (70%  of  the  calculated  amount 
for  two  double  bonds). 

Acetic  and  methylsuccinic  acid  were  found  in  the  decomposition  products  of  the  ozonides  of  the  hydrocarbon 
(3.8  g).  The  m.p.  of  the  methylsuccinic  acid  was  109*  (from  benzene). 

Found  %;  C  45.79,  45.82;  H  6.00.  5.92.  C5Hg04.  Calculated  %  C  45.46;  H  6.06. 

e)  The  infrared  spectrum  of  the  substance  is  shown  in  Fig.  1.  The  main  frequencies  are; 

696  s,  763  s,  847  m,  894  m,  918  s.  971  s.  992  s.  1031  m,  1085  m,  1244  s,  1374  s.  1449  s,  1629  m.  cm"^. 

Investigation  of  the  4th  fraction.  The  following  data  were  obtained  for  this  fraction; 

B.p.  69-72*  (10  mm),  d*®4  0.9212,  n*®D  1.4698,  MRp  48.03;  calc.  47.70. 

Found  %:  C  67.98,  67.92;  H  9.70.  9.49;  Cl  22.19,  22.06.  CgHisQ.  Calculated  %;  C  68.12;  H  9.53; 

Cl  22.35. 
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a)  About  65*70  of  the  primary  chloride  was  found  in  the  fraction  by  the  Sommelet-Leets  method  (Reaction 
time  2  days). 

When  10  g  of  the  fraction  was  heated  with  10  g  of  urotropine  in  45  ml  of  methylene  chloride  for  19  hours 
followed  by  treatment  of  the  mixture  twice  with  water, an  aqueous  layer  and  a  layer  of  methylene  chloride  were 
obtained.  The  aqueous  layer  was  distilled  with  formalin.  An  aldehyde,  5-methyl-2,6-octadiene  aldehyde,  was 
extracted  from  the  distillate.  The  yield  was  4  g  {AQ°Jo  of  the  chloride  taken  and  66%  of  that  which  reacted).  It  had 
an  odor  of  forest  bugs.* 

B.  p.  94-95"  (20  mm),  d^®^  0.8659,  n*®D  1.4710,  MRd  44.61.  calc,  42,84, 

Found  %:  C  78.14,  78.04;  H  10.16,  10.39.  C9H14O.  Calculated  %;  C  78.21;  H  10.22. 

Infrared  spectrum:  790  m,  844  vw,  888  w,  918  w,  973  vs,  1013  m,  1103  s.  1115  s,  1146  s,  1183  m,  1345  w, 
1379  m,  1460  s.  1640  vs.  1670  vs.  2730  s.  2804  m.  2852  m,  2864  m.  2920  s,  2956  s,  3016  m,  3369  w.cm’^ 

Semicarbazone.  M.p,  149.5-150.5*  (from  aqueous  alcohol). 

Found  %  N  21.69,  21.77.  C10H17ON3.  Calculated  %:  N  21.53. 

2,4-Dinitrophenylhydrazone.  M.p.  120.5-121".  Orange  crystals  (from  alcohol). 

Found  %:  N  17.48,  17.40.  Ci5Hi804N4.  Calculated  %  N  17.60. 

About  3.5  g  of  residue  was  obtained  after  the  methylene  chloride  had  been  distilled.  When  it  was  distilled 
under  vacuum  2  g  of  a  main  fraction  was  obtained. 

B.p.  69-70"  (10  mm).  d^°4  0.9595,  n*®D  1.4732. 

Found  %:  C  68.81,  69.00;  H  9.59,  9.75.  CjM^Cl.  Calculated  %:  C  68.12;  H  9.53. 

When  152  g  of  the  66-79*  (10  mm)  fraction  with  a  primary  chloride  content  of  65%  was  treated  with  urotropine 
by  the Sommelet  method 48  g  (32%)  of  unreacted  chlorides  was  obtained.  When  the  latter  were  distilled  under  vacuum 
(10  mm)  the  following  fractions  were  obtained:  1st,  59-61*,  12  g,  (1,2  product).  2nd,  61-65*,  2  g;  3rd,  65-70*, 

3g;  4th,  70-78*,  23  g;  residue  4.7  g. 


2000  1600  1000  600  ftr  ’ 


Fig.  1.  Infrared  transmission  spectra  (prisms  of  NaCl  and  glass,  layer  thickness  1  mm). 
1)  58-59*  (10  mm)  fraction;  .2)  69-72*  (10  mm)  fraction. 


20  g  of  the  4th  fraction  was  treated  with  urotropine  again.  The  residue  (16.5  g)  was  again  distilled.  The 
following  fractions  were  obtained:  1st,  70-72*.  1.3  g;  2nd,  72-73*,  1.3  g;  3td,  73-75*,  8  g;  4th,  75-78*,  4.2  g. 

The  following  data  were  obtained  from  the  3rd  fraction;  d**’4  0.9749,  n*°D  1.4782. 

Found  %;  C  69.66,  69.56;  H  9.82,  9.91.  C9H15CI.  Calculated  %;  C  68.12;  H  9.53.  Number  of  double 
bonds  by  Kaufmann’s  method  1.07. 

•As  in  original  -  Publisher’s  note. 
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The  values  found  for  the  3rd  fraction  were;  d*®^  0.9787,  n*®D  1.4812. 

Found  %:  C  69.54;  H  9.78.  CjHibCI.  Calculated  C  68.12;  H  9.53. 

A  mixture  of  proportional  amounts  of  the  3rd  and  4th  fractions  (7.25  g)  was  hydrogenated  with  Pd/CaCOj 
until  the  absorption  of  hydrogen  ceased.  1307  ml  of  hydrogen  (765.5  mm,  18*)  was  absorbed,  corresponding  to 
58%  on  the  assumption  of  one  double  bond  and  a  chlorine  atom.  The  hydrogenation  products  were  steam'^listilled. 
0.532  g  of  chlorine  ion  was  found,  representing  about  33%  of  that  contained  in  the  sample. 

An  oil  (4.4  g)  was  obtained  from  the  distillate;  when  it  was  distilled  a  hydrocarbon  (2  g)  was  isolated. 

B.p.  152-157*,  d*®4  0.8014.  n*®D  1.4380. 

Found  %;  C  85.17,  85.22;  H  14.35,  14.42.  CgHig.  Calculated  %:  C  85.63;  H  14.37. 

These  data  are  similar  to  those  given  in  literature  for  l-methyl-2-ethylcyclohexane  [6]. 

b)  When  9.65  g  of  the  fraction  was  hydrogenated  3469  ml  of  hydrogen  (752  mm,  20.5*)  was  absorbed,  cor¬ 
responding  to  82%  of  the  theoretical  amount.  5.2  g  of  hydrocarbon  was  obtained  (52%  calculated  on  the  initial  pro¬ 
duct,  63%  on  the  absorbed  hydrogen). 

B.p.  140-142*.  d*®4  0.7247,  n®®D  1.4088. 

Combined  dispersion  spectrum;  731  (0),  777  (0),  825  (1),  872  (1),  897  (7),  936  (2),  1033  (2),  1051  (?), 

1090  (5),  1146  (6),  1192  (7),  1241  (1).  1297  (8),  1338  (3),  1373  (3),  1438,  1455  (10)  cm'^ 

1.79  g  of  chlorine  ion  was  found  in  the  solution  (82%  of  that  contained  in  the  sample). 

c)  A  mixture  of  acids  was  extracted  with  ether  from  the  ozonlzation  products  of  5.5  g  of  the  fraction  in 

60  ml  of  ethyl  chloride  (followed  by  decomposition  with  7-8%  hydrogen  peroxide).  When  the  mixture  was  distilled 
under  vacuum  the  following  were  obtained:  acetic  acid  (acetanilide  m.p.  110-112*,  m.p.  of  a  mixed  melt  111-112*), 
chloroacetic  acid  (m.p.  61-62*,  m.p.  of  a  mixed  melt  61-62*)  and  a  residue.  The  latter  was  placed  on  a  porous 
plate.  The  separated  crystals  of  methylsuccinic  acid  were  removed  and  recrystallized  from  benzene  after  the  sub¬ 
stance  had  an  m.p.  of  108.5-110". 

Found  %;  C  45.55.  45.42;  H  5.98,  5.95,  C5H8O4.  Calculated  %:  C  45.46;  H  6.06. 

In  literature  the  m.p.  of  methyl  succinic  acid  is  given  as  112*  [7]. 

d)  Infrared  spectrum  of  the  4th  fraction  (Given  in  Fig.  1):  681  m,  726  w,  769  m,  837  vw,  897  w,  922  w, 

969  vs.  1015  m,*  1080  w.  1131  vw,  1172  vw.  1244  s.  1292  m,*  1350  m,*  ,  1374  s.  1449  vs.  1630  vw,  1656  m  cm’* 

SUMMARY 

1.  The  telomerization  reaction  wiili  the  participation  of  divinyl  and  2-chloro-3-pentene  was  investigated. 

2.  It  was  shown  that  it  proceeds  in  two  main  directions  with  the  formation  of  3-chloro-5-methyl-l,6-octa- 
diene  (1,2  addition)  and  l-chloro-5-methyl-2,6-octadiene  (1.4  addition)  in  approximately  equal  quantities. 

In  addition,  a  small  amount  (less  than  20%  of  the  mixture  of  the  chlorides  C9H15CI)  of  l-methyl-2-chloroethyl- 
-4 -cyclohexene  is  evidently  formed. 

3.  4-Methyloctane  was  formed  by  the  hydrogenation  of  the  above-mentioned  main  telomerization  products. 
The  partial  hydrogenation  of  the  1,2  product  is  accompanied  by  the  displacement  of  the  double  bond  and  gives  ' 
an  unsaturated  compound  corresponding  in  structure  to  the  1,4  product. 

4.  An  aldehyde,  5 -methyl-2,6 -heptadiene  aldehyde,  was  obtained  from  l-chloro-5-methyl-2,6-octadiene 
by  tlieSommeletreactioa  Its  crystalline  derivatives,  the  semicarbazone  and  the  2,4-dinitrophenylhydrazone,  were 
characterized. 

5.  On  the  basis  of  a  comparison  of  the  data  obtained  on  the  order  of  addition  of  2-chloro-3-pentene  to 
divinyl  with  similar  data  previously  obtained  for  isoprene  the  conclusion  was  drawn  that  the  structure  of  the  diene 
hydrocarbon  has  an  important  influence  on  the  order  of  addition  of  the  haloid  derivatives. 
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INVESTIGATIONS  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 
XCI.  THE  ADDITION  OF  1-CHLORO-3-METHYL-2-BUTENE  TO  DIVINYL* 

A. A. Petrov  and  N.A.  Razumova 


The  reaction  of  dlvinyl  with  l-chloro-3-methyl-2-butene  is  a  more  complex  instance  of  a  telomerization 
reaction  than  the  previously  described  reaction  of  divinyl  with  2-chloro-3-pentene  [1]  because  of  the  tendency 
of  this  haloid  derivative  to  allyl  rearrangement.  As  a  result  of  the  addition  of  l-chloro-3-methyl-2-butene  to  di¬ 
vinyl  the  formation  of  6  open -chained  substances  of  the  composition  CjHjsCl  and  2  cyclic  compounds  could  be 
expected. 

The  mixture  of  telomers  actually  obtained  was  readily  separated  by  vacuum  distillation  into  the  chlorides 
C(H){|C1  and  the  higher  telomers.  The  ratio  between  these  products  depended  markedly  on  the  extent  of  conver¬ 
sion.  With  conversion  of  the  order  of  50*55)  the  yield  of  the  chlorides  C9HJ5CI  was  35*55)  but  with  about  100*55)  con¬ 
version  the  yield  fell  to  20*55).  (The  remainder  consisted  of  higher  telomers  and,  possibly,  dimers  of  the  chloride). 

In  this  instance,  therefore,  the  higher  telomers  are  formed  in  approximately  the  same  amounts  as  in  the  re¬ 
action  of  l-chloro-3-methyl-2-butene  with  isoprene  [2]  and  in  considerably  larger  amounts  than  in  the  reaction 
of  2-chloro-3-pentene  with  divinyl  [1]  and  isoprene  [3]. 

In  this  investigation  we  characterized  the  lower  fractions  of  the  telomerization  products  with  the  formula 
CfH^Cl  which  distilled  under  vacuum  at  10  mm  up  to  80*.  Only  a  mixture  of  products  with  the  composition 
C5Ht-(C4H«)j  ~a, distilling  under  vacuum  at  125-129*  (2  mm)  was  isolated  from  the  higher  .fractions. 

The  most  probable  initial  telomerization  products  of  l-chloro-3-methyl-2-butene  and  divinyl  were  the  three 
following  compounds: 


CH3— C^CH-CHg— CHa-CHCl-CH-^CHg  (I) 

I 

CH3 

CH3— C=CH-CH2— CH2— CH^CH-CHaCl  (II) 
CH3 


C'] 

\  /' 

\ 

CCl 

/  \ 

CH3  CH3 
(III) 


Conclusions  regarding  the  composition  of  this  part  of  the  telomers  were  drawn  on  the  basis  of  the  following 

data. 

1.  The  mixture  of  the  chlorides  C9H15CI  took  part  only  7-10*55)  intheSommeletreactionafter  continued  treat¬ 
ment  with  urotropine.  The  aldehyde  formed  was  isolated  in  the  form  of  the  2,  4-dinitrophenylhydrazone.  The 
isomer  (II)  is,  therefore,  contained  in  the  investigated  mixture,  but  only  a  small  amount  is  present. 

2.  The  following  were  detected  in  the  fission  products  obtained  from  a  mixture  of  ozonides:  formaldehyde 
(determined  in  die  form  of  the  dinaphtholmethane),  acetone  (isolated  in  the  form  of  the  2,  4-dinitrophenylhydra¬ 
zone),  chloroacetic,  succinic  and  a-chloroglutaric  acids.  These  data  indicate  that  the  mixture  consists  primarily 
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of  the  chlorides  (I)  and  (II). 


3,  As  a  result  of  the  exhaustive  hydrogenation  of  the  mixture  by  Pd/CaCOs,  2-methyloctane,  with  con¬ 
stants  similar  to  tliose  given  in  literature  [4],  was  obtained.  The  combined  dispersion  spectrum  of  the  hydrocar¬ 
bon  also  hardly  differed  from  the  value  given  for  this  substance  in  literature  [5].  The  frequencies  characteristic 
for  2,5-dimethylheptane  (768  and  907  cm'^)  and  3.3,4-trimethylhexane  (532,  704,  1211  cm"^)  were  absent  in  this 
spectrum.  (The  first  of  these  hydrocarbons  can  be  obtained  by  the  hydrogenation  of  the  product  of  the  addition  of 
l-chloro-3-methyl-2-butene  to  divinyl  in  a  manner  contrary  to  Markownikoff’s  rule,  the  second  can  be  obtained 
by  the  hydrogenation  of  the  product  of  the  addition  of  dimethylvinylchloromethane  in  the  same  order,  i.e.,  the 
allyl  isomer  of  1-chloro -3 -methyl -2-butene). 

In  addition  to  the  frequencies  of  2-methyloctane  the  spectrum  contains,  although  very  weakly  expressed,  die 
most  intense  of  the  characteristic  frequencies  of  3,3-dimethylheptane  (724  cm"^)  and  also  the  weak  frequency 
1263  cm  clearly  expressed  in  the  spectrum  of  isopropylcyclohexane  and  absent  in  the  spectra  of  all  the  other 
expected  open-chained  hydrocarbons.  3,3-Dlmethylheptane  can  be  formed  by  the  hydrogenation  of  the  addition 
product  of  divinyl  and  dimethylvinylchloromethane;  isopropylcyclohexane  -by  the  hydrogenation  of  substance  (III). 

The  investigation  of  the  hydrogenation  products  of  the  telomer  makes  it  possible,  therefore,  to  confirm  that 
it  consists  primarily  of  substances  (I)  and  (III). 

It  must  be  noted  that  as  a  result  of  the  partial  hydrogenation  of  a  mixture  of  the  chlorides, C9H15CI  a  diene 
hydrocarbon  without  a  vinyl  group  is  obtained.  In  the  infrared  spectmm  of  this  hydrocarbon  there  are  bands  of  the 
— CH=CH—  group  at  960  and  1660  cm”^  while  the  bands  characteristic  of  the  vinyl  group  are  absent.  A  similar 
phenomenon  also  occurs  in  the  hydrogenation  of  the  addition  products  of  divinyl  and  2-chloro-3-pentene  [1]. 

4.  The  infrared  spectrum  of  the  mixture  of  the  chlorides  C9H15CI  also  indicated  that  this  is  principally  a 
case  of  a  1,2-product  (I).  In  the  spectrum  there  were  intense  bands  characteristic  of  the  vinyl  group  (6060,  1640, 
920  and  980  cm~^).  The  band  of  the  —CH=CH— group  which  is  included  in  the  isomer  (II)  (960  cm"^)  was  far 
more  weakly  expressed  (Fig.  1,  curve  I). 


2000  1600  1000  800  CM** 


Fig.  1.  The  infrared  transmission  spectra. 

1)  Telomer  with  the  composition  C9H15CI;  2a)  second  fraction  of  the 
telomer;  2b)  fourth  fraction  of  the  telomer. 


By  various  methods  it  was,  therefore,  established  that  the  addition  of  1-chloro -3 -methyl -2 -butene  to  di¬ 
vinyl  takes  place  primarily  in  the  1,2  position  according  to  Markownikoff’s  rule  and  is  accompanied  by  hardly  any 
allyl  rearrangement. 

It  was  natural  to  make  attempts  to  isolate  the  1,2  product  in  the  pure  form  by  fractional  distillation  but  this 
was  found  to  be  a  difficult  task.  When  fractionated  the  mixture  of  chlorides  divides  up  into  two  parts  with  boiling 
ranges  of  62-65  and  73-76*  (10  mm),  the  first  fraction  being  the  main  one.  The  distillation  character  does  not 
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justify  the  assumption  that  either  of  these  fractions  is  a  pure  substance.  The  62-65*  (10  mm)  fraction  contains  a 
total  of  about  S'Jfe  primary  chloride.  Intense  bands  of  the  vinyl  group  are  found  in  its  spectmm  but  there  are  no 
bands  of  the  — CH=  CH—  group.  The  73-76*  (10  mm)  fraction  contains  about  40%  primary  chloride  (II).  In  the 
infrared  frequency  of  this  fraction  there  is  an  intensefrequency  of  the  -CH=CH— group  (960  cm"^),  but,  as  formerly, 
the  frequencies  of  die  vinyl  group  are  also  strongly  represented.  The  impression  is  created  that  some  other  product 
containing  a  vinyl  group  is  present  in  the  mixture  in  addition  to  substance  (I). 

As  already  mentioned,  judging  from  the  combined  dispersion  spectmm  of  the  hydrogenation  products  the  mix¬ 
ture  of  telomers  contains  the  cyclic  chloride  (III).  We  achieved  its  synthesis  according  to  the  system 
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The  constants  of  the  synthesized  substance  are  markedly  different  from  the  constants  of  all  the  parts  of  the 
telomer  CaHjaCl.  The  chloride  (III)  has  a  far  higher  specific  gravity  and  refractive  index.  Its  content  in  the 
telomer  cannot,  therefore,  be  very  great.  As  a  result  of  hydrogenation  with  Pd/  CaCOg  it  gives  Isopropylcyclo- 
hexane  with  constants  similar  to  those  given  in  literature. 

The  stmcture  of  the  telomerization  products  with  the  formula  C5H7-(C4Ha)2“Cl  was  only  determined  by  the 
ozonization  method.  Formaldehyde,  acetone,  chloroacetic  and  succinic  acid  were  found  in  the  ozonization  product. 
These  data  indicated  that  the  higher  telomers  are  a  mixture  of  the  1,2-  and  1,4-  products. 

As  a  result  of  this  investigation  it  was,  therefore,  established  that  the  order  of  addition  and  the  extent  of  tel- 
omeiization  (under  similar  conditions)  are  determined  by  the  structure  of  the  diene  hydrocarbon  and  the  haloid 
derviative.  When  the  two  isomeric  chlorides,  differing  only  in  the  position  of  the  methyl  group  with  respect  to 
the  double  bond,  react  widi  divinyl  one  (2-chloro-3-pentene)  forms  only  a  small  amount  of  the  higher  telomers 
and  gives  a  mixture  of  approximately  equal  amounts  of  the  1,2  and  1,4  products  while  the  other  (l-chloro-3-me±yl- 
-2-butene)  gives  primarily  higher  telomers  and  adds  mainly  in  the  1,2  position.  These  two  characteristics  are  possibly 
connected  and  the  reduction  in  the  amount  of  the  1,4  isomer  takes  place  because  it  readily  takes  part  in  further 
conversions. 

When  a  comparison  is  made  of  the  behavior  of  the  same  haloid  derivative  with  respect  to  different  diene  hy¬ 
drocarbons  the  tendency  of  homologs  of  divinyl  (isoprene),  established  long  ago,  to  give  a  large  amount  of  the  1,4 
product  than  divinyl  [6]  is  shown. 

In  one  of  the  previously  published  papers  the  idea  was  put  forward  that  the  extent  of  telomerization  is  de¬ 
termined  by  die  ratio  of  die  activities  of  the  initial  hydrocarbon  and  the  initial  products  of  its  addition  to  divinyl. 

In  the  light  of  these  opinions  the  ratio  of  the  activities  of  2-chloro-3’^penteneandits  addition  products  with  divlnyl 
must  be  of  much  greater  interest  than  the  analogous  ratio  for  l-chloro-3-methyl-2-butene.  It  will  only  be  possible 
to  give  a  definite  answer  to  this  problem  after  investigating  the  rate  of  the  exchange  conversions  with  the  parti¬ 
cipation  of  all  these  haloid  derivatives  and  also  their  dipole  moments. 

EXPERIMENTAL 

The  reaction  of  l-chloro-3-methyl-2-butene  with  divinyl.  Technical  divinyl  (C4H6  content  90%)  was  used 
for  the  investigation.  1-chloro -3 -methyl -2 -butene  was  obtained  by  the  hydrochlorination  of  isoprene  [2].  Many 
experiments  on  telomerization  with  varying  degrees  of  conversion  were  carried  out  with  these  products.  The  data 
of  two  of  these  experiments  are  given  below. 

a)  1.5  ml  of  a  10%  solution  of  stannic  chloride  in  methylene  chloride  was  added  to  a  stirred  and  cooled 
mixture  of  26  g  of  divinyl,  50  g  of  l-chloro-3-methyl-2-butene  and  37  g  of  methylene  chloride.  The  temperature 
was  kept  at  about  8-10*.  Stirring  was  continued  for  6  hours,  measures  being  employed  to  recover  the  evaporating 
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divinyl.  Telomerlzation  was  then  interrupted  by  the  addition  of  1.5  ml  of  diethylamine  and  the  mixture  was  dis¬ 
tilled  under  vacuum.  The  methylene  chloride  and  the  unreacted  l-chloto-3-methyl-2-butene  were  distilled 
under  low  vacuum  (100  mm)  and  the  reaction  products  at  10  mm.  A  total  of  69  g  of  telomer  was  obtained.  The 
approximate  extent  of  telomerlzation  was  85<7o,  23  g  of  the  substance  distilled  off  below  100*  (10  mm).  The 
residue  was  45  g. 

b)  Under  the  same  conditions  36  g  of  the  telomer  was  obtained  by  stirring  for  2  hours.  On  distillation 
15  g  of  the  chloride  C9H15CI  and  21  g  of  residue  were  obtained.  The  mixture  of  chlorides  C9H15CI  had  a  b.p.  of 
60-80*.  d^  4  0.92  and  n^®D  of  about  1.4650.  Its  chlorine  content  was  close  to  the  theoretical,  the  amount  of 
saponifiable  chlorine  being  hardly  different  from  the  total  chlorine  content.  Here  are  the  analytical  data  of  one 
of  the  samples. 

Found  °]oi  Cl  22,32,  22.07.  C9H15CI.  Calculated  %  Cl  22.53. 

This  mixture  of  chlorides  was  treated  with  urotropine  by  the  Sommelet  method  ozonized  and  hydrogenated. 

a)  7-10%  of  l-chloro-3 -methyl -2-butene  was  found  in  it  by  theSommelet-Leets  method  [7].  When  21  g  of 
the  mixture  of  chlorides  was  heated  with  20  g  of  urotropine  in  50  ml  of  methylene  chloride  for  4  hours  followed 
by  treatment  of  the  mixture  twice  with  water  (75  ml  each  time), an  aqueous  solution  and  a  residue  dissolved  in 
methylene  chloride  were  obtained.  An  aldehyde  which  was  treated,  without  purifying,  with  a  solution  of  2,4-di- 
nitrophenylhydrazone  was  extracted  from  the  distillate  by  ether.  2.8  g  of  the  2,4-dinitrophenylhydrazone  of  7- 
-methyl-2,6-octadiene  aldehyde  was  obtained,  corresponding  to  a  7.5% aldehyde  content  in  the  investigated  pro¬ 
duct. 

M.p.  95-96*  (from  alcohol).  Orange-red  needles. 

Found  %:  N  17.47.  Ci5Hig04N4.  Calculated  %:  N  17.60. 

After  the  methylene  chloride  had  been  distilled  a  residue  (17  g)  was  obtained,  the  greater  part  of  which  i 

distilled  at  about  48*  (3  mm)  and  had  d^°4  0.9248  and  n*®D  1.4638. 

4.85  g  of  the  residue  was  subjected  to  exhaustive  hydrogenation  on  palladium  catalyst  (Pd/  CaCOg  ~  9  g, 
with  a  content  of  about  0.01  g  of  Pd  per  g  of  CaCOg)  in  methyl  alcohol  (60  ml).  The  distillate  was  diluted  with  * 

a  saturated  solution  of  CaCl2.  When  the  oil  which  separated  out  was  distilled  with  a  small  Widmer  fractionating 
column  the  following  fractions  were  obtained:  1st,  142-145*,  1.4  g  (n*®D  1.4080);  2nd,  145-150*,  0.5  g;  3rd, 

150-170*,  0.2  g;  4th,  above  170*,  0.8  g. 

b)  3.1  g  of  a  mixture  of  the  chlorides  was  treated  with  ozone  in  ethyl  chloride  until  absorption  ceased. 

After  the  evaporation  of  the  solvents  the  ozonides  were  decomposed  with  a  solution  of  hydrogen  peroxide.  V5  of 
the  aqueous  solution  of  the  ozonide  decomposition  products  was  distilled  off.  When  the  distillate  was  treated 
with  2,4-dinitrophenylhydrazine,the  2,4-dinitrophenylhydrazone  of  acetone  with  an  m.p.  of  125-126*  was  preci¬ 
pitated.  A  mixed  melt  with  the  known  compound  melted  at  the  same  temperature. 

The  acids  were  extracted  from  the  aqueous  solution  with  ether  in  an  extractor  equipped  with  a  stirrer.  After 
the  ether  had  been  removed  chloroacetic  acid  (which  crystallized  in  the  condenser)  was  distilled  under  vacuum  from 
the  residue.  The  m.p.  was  61-62*(from  petroleum  ether).  A  mixed  melt  melted  at  the  same  temperature. 

The  partially  crystallized  residue  was  placed  on  a  porous  plate.  The  purified  crystalline  product  had  an 
m.p.  of  184-185*  (from  benzene).  A  mixed  melt  with  known  succinic  acid  had  the  same  melting  point. 

In  order  to  reduce  the  a -hydroxyglutaric  acid  the  aqueous  solution  remaining  after  the  extraction  of  the 
chloroacetic  and  succinic  acid  was  heated  with  hydriodic  acid  and  was  then  extracted  again  with  ether.  Glutaric 
acid  was  isolated  from  the  ethereal  solution.  The  m.p.  was  96-97*  (from  water).  A  mixed  sample  had  the  same 
melting  point. 

To  detect  formaldehyde  0.5  g  of  the  chloride  was  ozonized,  the  ozonide  being  decomposed  with  a  solution 
of  potassium  iodide.  The  excess  iodine  was  back-titrated  with  hyposulfite  and  the  formaldehyde  was  precipitated 
with  a  solution  of  6-naphthol.  A  copious  precipitate  of  dinaphtholmethane  with  an  m.p.  of  186*  [8]  was  obtained. 

c)  5.4  g  of  the  mixture  of  chlorides  was  subjected  to  exhaustive  hydrogenation  (catalyst  -  Pd/  CaCOj). 

1990  ml  of  H,  (765  mm,  19*)  was  absorbed,  corresponding  to  73%  of  the  theoretical  amount  (allowing  for  2  double 
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bonds  and  1  atom  of  halogen).  0.8947  g  of  chlorine  ion  was  found  in  the  solution,  74.2%  of  that  contained  in  the 
sample. 

The  reaction  products  were  steam-distilled  and  were  salted  out  from  the  distillate  with  a  solution  of  CaClj. 

The  oil  obtained  was  distilled  with  a  small  Widmer  fractionating  column.  During  fractionation  it  separated  into 
a  hydrocarbon  with  a  b.p.  of  141-143*,  d*®^  0.7235,  n*®D  1.4075  (2  g)  and  higher-boiling  products  containing  chlorine. 

The  combined  dispersion  spectrum  of  the  hydrocarbon  was  determined. 

249  (2),  723  (?)  751  (?).  805  (3),  886  (1),  952  (2),  1056  (1),  1074  (1),  1092  (1),  1129  (4),  1167  (2),  1263  (1), 
1300(5),  1336  (2),  1378*  (0),  1394(1),  1438-1458  (8  b)  cm’^. 

These  data  are  close  to  those  previously  found  for  2-methyloctane  [5]. 

The  chlorides  CyH^Cl  were  distilled  in  a  Widmer  column  (25  cm)  at  10  mm.  As  a  result  of  the  distillation 
of  the  products  obtained  in  two  experiments  at  a  conversion  of  the  order  of  80%  the  following  fractions  were  ob¬ 
tained;  1st.  up  to  62*.  2.5  g;  2nd.  64-66*,  16  g  (d*®4  0.9244,  n*®D  1.4630);  3rd,  66-76*.  5.7  g;  4th,  76-77*,  4.5  g 
(d”4  0.9262,  n*®D  1.4705);  5th.  77-80*.  3.5  g  (n*°D  1.4750),  residue  3  g. 

3.18,  3.26%  of  primary  chloride  was  found  in  the  2nd  fraction  by  the  Sommelet-Leets  method  [7] (the reaction 
mixture  was  shaken  for  116  hours).  Its  infrared  spectrum  is  given  in  Fig.  1,  curve  2a. 

4.2  g  of  hydrocarbon  and  5  g  of  residue  were  obtained  from  the  partial  hydrogenation  of  this  fraction  (13.5  g) 
with  Pd/  CaCOs  (1  mole  of  Hj  per  mole  of  substance)  until  2,074  ml  of  hydrogen  (770  mm,  21*)  had  been  absorbed. 
1.77  g  of  chlorine  ion  (58.8%  of  that  contained  in  die  sample)  was  found  in  the  solution. 

The  following  constants  were  found  for  the  hydrocarbon  (2-methyl-2,6-octadiene  with  an  admixture  of  the 
products  of  further  hydrogenation):  b.p.  142-144*,  d*®4  0.7460,  n*®D  1,4250.  Observations  regarding  its  structure,  in 
accordance  with  its  infrared  spectmm,  were  made  on  the  product  (including  the  admixture). 

The  residue  (5  g)  and  the  hydrocarbon  were  subjected  to  exhaustive  hydrogenation.  A  hydrocarbon  with  a 
b.p.  of  141-143*,  n*®D  1.4070,  was  obtained;  these  data  are  similar  to  those  given  in  literature  for  2-methyloctane 
[4]. 

Found  %:  C  84.38,  84.32;  H  15.74,  15.77.  CgHjo.  Calculated  %;  C  84.28;  H  15.72. 

45.4,  46.5%  of  the  primary  chloride  was  found  in  the  4th  fraction.  The  infrared,  spectrum  is  given  in  Fig.  1, 
curve  2b.  In  the  exhaustive  hydrogenation  of  this  fraction  64%  of  the  theoretical  amount  of  hydrogen  was  absorbed. 
82.4%  of  the  theoretical  amount  of  chloride  ion  was  found  in  the  solution.  The  hydrocarbon  obtained  hardly  differed, 
as  regards  its  constants,from  that  formed  by  the  hydrogenation  of  the  2nd  fraction. 

The  higher-boiling  chlorides  were  distilled  under  vacuum  at  2  mm.  The  products  boiling  in  the  115-150* 
range  (10  g)  were  redistilled.  As  a  result  the  following  fractions  were  obtained:  1st,  117-125*,  1.5  g;  2nd,  125- 
-129*,  5  g;  residue  2  g. 

For  the  125-129*  (2  mm)  fraction  the  following  constants  were  obtained:  d*®4  0.9520,  n*®D  1.4855. 

MRq  65.66;  calc.  65.70. 

Found  %: '  C  71.79.  71.65;  H  9.62,  9.52;  Cl  18.64,  18.46.  CijHuCl.  Calculated  %;  C  73.41;  H  9.86; 

a  16.23. 

Acetone,  chloroacetic  and  succinic  acid,and  formaldehyde  were  obtained  by  the  ozonization  of  2.9  g  of  this 
fraction. 

Synthesis  and  properties  of  chloroisopropyl -3 -cyclohexene.  The  corresponding  carbinol,  obtained  by  a  pre¬ 
viously  described  method  [9],  was  treated  with  the  calculated  amount  of  phosphorus  trichloride  in  a  medium  of 
absolute  ether.  The  ethereal  solution  was  shaken  with  powdered  chalk  and  washed  with  water.  After  it  had  been 
dried  over  CaCli  the  reaction  product  was  distilled  under  vacuum. 

B.p.  75-76*  (10  mm).  d*®4  0.9951,  n*®D  1.4828,  MR^  45.52;  calc.  44.96. 


•This  frequency  is  probably  excited  by  another  line  of  mercury. 
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Found  <5t:  C  68.83,  68.73;  H  9.71,  9.56;  Cl  22.46,  22.50.  C^isCl.  Calculated  %  C  68.13;  H  9.46; 

Cl  22.32. 

8.5  g  of  the  substance  was  hydrogenated  In  the  pesence  of  Pd/CaCO,  (18  g)  In  120  ml  of  methyl  alcohol. 

1530  ml  of  H2  (758  mm,  19*)  was  absorbed,  corresponding  to  58%  of  the  theoretical  (assuming  1  double  bond  and 
1  atom  of  chlorine).  The  mixture  was  steam tiistllled.  1.9  g  of  chlorine  ion,  78.4%  of  that  contained  in  the  sample, 
was  found  in  the  residue.  The  distillate  was  diluted  with  a  saturated  solution  of  CaCl,.  The  oil  was  dried  over 
CaClj  and  was  distilled  with  a  small  Widmer  fractionating  column.  3  g  of  hydrocarbon  with  a  b.p.  of  154-156*, 
d*®4  0.8108,  n*®D  1.4452  was  obtained.  These  data  are  similar  to  those  given  in  literature  for  isopropylcyclohexene 

[4]. 

Found  %;  C  85.96,  85.84;  H  13.97,  14.02.  CjHjg.  Calculated  %:  C  85.63;  H  14.37. 

SUMMARY 

1.  The  reaction  of  l-chloro-3-methyl-2-butene  with  divlnyl  in  the  presence  of  stannic  chloride  was  in¬ 
vestigated. 

2.  It  was  shown  that  in  comparison  with  the  previously 'described  reaction  of  2-chloro-3-pentene  with  dl- 
vinyl  the  yield  of  chlorides  with  the  composition  C9HJ5CI  is  much  lower  and  depends  primarily  on  the  extent  of  the 
conversion. 

3.  It  was  established  that  l-chloro-3-methyl-2-butene  adds  to  divlnyl  principally  in  the  1,2  position  where¬ 
as  it  adds  to  Isoprene  mainly  in  the  1,4  position. 

4.  7-methyl-2,6>-octadlene  aldehyde  was  obtained  from  the  1,4  product  by  the  Sommelet  reaction. 

5.  On  the  basis  of  an  investigation  of  the  combined  dispersion  spectra  of  the  hydrogenation  products  of  the 
chlorides  with  the  composition  C9H15CI  the  conclusion  was  drawn  that  the  reaction  products  did  not  contain  appreci¬ 
able  amounts  of  isomers, formed  as  a  result  of  the  addition  of  a  haloid  derivative  in  a  manner  contrary  to  Markow- 
nikoff’smlej  or  addition  products  of  the  isomer  of  1-chloro -3 -methyl -2-butene,  dimethylvinylchloromethane. 

6.  It  was  shown  that  as  a  result  of  the  partial  hydrogenation  of  the  1,2  product  the  double  bond  is  displaced 
and  the  hydrogenation  product,  evidently  2-methyl-2,6-octadiene,  does  not  contain  a  vinyl  group. 

7.  The  expected  cyclic  chloride,  chlorolsopropyl -3 -cyclohexene,  was  obtained  from  the  corresponding 
alcohol  by  the  action  of  j^osphoms  trichloride.  It  was  established  that  its  content  in  the  mixture  of  telomers  is 
low, 
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THE  CONDENSATION  OF  DIENE  HYDROCARBONS  WITH  CINN  A  M  A  L  EDH  Y  D  E . 
THE  SYNTHESIS  OF  HY  DRO  A  ROM  A  TIC  ALCOHOLS,  ACETATES 
AND  HYDROCARBONS 


N.  P.  Sopov  and  M.  L.  Kovner 


In  previous  papers  the  problem  was  considered  of  the  possibility  of  obtaining  hydroaromatic  alcohols  and 
hydrocarbons  on  the  basis  of  the  condensation  products  of  1,3-diene  hydrocarbons  with  a.fi-  unsaturated  carbonyl 
compounds,  acids  and  their  derivatives  [1-6]. 

Continuing  the  investigations  in  the  same  direction  we  studied  die  condensation  of  divinyl,  piperylene,  iso- 
prene,  diisopropenyl,  cyclopentadiene  and  cyclohexadiene  with  cinnamaldehyde.  Secondary  alcohols,  their  acetates 
and  (by  the  pyrolysis  of  the  latter)  hydroaromatic  hydrocarbons  were  synthesized  from  the  aldehydes  obtained. 

In  the  literature  there  are  data  on  the  condensation  of  cinnamaldehyde  with  a,y  -  and  8,y  -dimethylbuta- 
diene  and  with  l-viny Inaphtha lene  and  piperylene  [7-10]. 

The  constants,  analytical  data  and  yields  of  2-phenyltetrahydrobenzaldehyde  and  its  homologs  are  given 
in  Table  1. 

1,3 -cyclopentadiene  did  not  take  part  in  condensation  with  cinnamaldehyde.  In  the  case  of  1,3 -cyclohexa¬ 
diene  the  yield  of  the  addition  product  was  lower  than  for  acyclic  dienes.  This  can  probably  be  explained  by  the 
fact  that  the  molecules  which  have  endo"bridges"haveagreater  tendency  to  dissociate  into  the  initial  components. 
With  the  homologs  of  divinyl  the  yield  of  the  addition  products  is  much  higher  than  in  the  case  of  divinyl. 

Phenyltetrahydrobenzaldehydes  are  viscous  yellowish  liquids  with  hardly  any  odor.  They  are  all  Insoluble 
in  water  but  dissolve  well  in  ether,  alcohol  and  benzene.  The  p-nitrophenylhydrazones  and  2,4-dinitrophenyl- 
hydrazones  of  all  the  aldehydes  were  prepared  and  recrystallized  from  aqueous  alcohol.  The  melting  points  and 
the  analytical  data  of  the  hydrazones  are  given  in  Table  2. 

The  secondary  alcohols  were  obtained  by  the  action  of  methylmagnesium  iodide  on  2-phenyltetrahydro- 
benzaldehyde  and  its  homologs.  The  alcohols  have  a  still  higher  viscosity  than  the  corresponding  aldehydes.  They 
are  yellowish  liquids  with  a  flower-like  odor.  They  are  soluble  in  ether,  alcohol  and  benzene. 

The  alcohol  obtained  from  2-phenyltetrahydrobenzaldehyde  was  separated  into  crystalline  and  liquid  pro¬ 
ducts  (in  a  ratio  of  2  :  1).  They  were  probably  the  cis  and  trans  forms  of  the  substance.  The  constants  of  the 
alcohols,  the  analytical  data  and  the  yield  are  given  in  Table  3. 

The  acetates  of  these  alcohols  are  yellowish  liquids  with  a  lower  viscosity  than  the  initial  alcohols.  They 
have  a  flower-like  odor.  From  Table  4  it  is  evident  that  the  acetates  boil  approximately  4*  higher  than  the 
initial  alcohols  and  have  almost  the  same  specific  gravities  but  have  considerably  smaller  refractive  indices. 

We  obtained  the  hydroaromatic  hydrocarbons  by  the  pyrolysis  of  the  acetates.  On  the  basis  of  previously 
established  laws  which  showed  that  in  the  pyrolysis  of  acetates  dehydration  takes  place  in  one  direction  we  gave 
the  substances  obtained  the  formulae  shown  in  Table  5  [11-13].  Hydroaromatic  carbons  of  the  type  under  consid¬ 
eration  are  readily  dehydrated  on  platinized  charcoal. 
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The  condensation  of  dienes  with  cinnamaldehyde.  Cinnamaldehyde  with  die  following  constants  was  used 
for  this  work:  b,p.  130*  (20  mm),  d  4  1.099,  n  D  1.6195  [14].  Technical  (90%)  divinyl  and  piperylene  were 
used.  Condensation  was  carried  out  in  autoclaves  in  a  solution  of  toluene  in  the  presence  of  hydroquinone  with 
heating  at  180-220*  for  10-12  hours. 

1  mole  of  cinnamaldehyde  and  1.5  mole  of  diene  hydrocarbon  were  used  for  the  condensation. 

TABLE  2 


Hydrazones  and  the  Aldehydes 


Preparation  of  the  secondary  alcohols.  A  solution  of  0.2  mole  of  hydroaromatic  aldehyde  in  50  ml  of  ether 
was  added  witfi  mechanical  stirring  to  a  solution  of  the  organomagnesium  compound  obtained  from  0.2  g  of 
magnesium  and  0.22  mole  of  methyl  iodide  in  100  ml  of  absolute  ether.  After  the  mixture  had  been  heated  for 
4  hours  it  was  left  to  cool  overnight.  The  organomagnesium  complex  was  decomposed  in  the  usual  manner.  The 
ethereal  solution  of  the  secondary  alcohol  was  dried  with  calcined  sodium  sulfate  and  distilled. 

Preparation  of  the  acetates.  1  drop  of  sulfuric  acid  was  added  to  0.1  mole  of  secondary  alcohol  and  0.15  mole 
of  acetic  anhydride.  The  mixture  was  heated  on  a  water  bath  to  40-50*  after  which  it  was  shaken  and  cooled  from 
time  to  time  with  a  jet  of  water  to  keep  the  temperature  below  80-90*.  The  mixture  was  then  diluted  with  water 
and  the  acetate  was  extracted  witli  ether.  The  ethereal  extract  was  washed  with  a  solution  of  soda,  then  with  water; 
it  was  dried  over  calcined  sodium  sulfate  and  distilled. 

Pyrolysis  of  the  acetates.  The  pyrolysis  of  the  acetates  was  carried  out  at  430-450*  in  a  quartz  tube  filled 
with  fine  quartz  glass  fragments.  The  substance  was  passed  through  the  tube  at  a  rate  of  3-4  drops  per  minute. 

Slight  carburization  of  the  glass  was  observed  only  in  the  front  part  of  the  tube.  Part  of  the  acetate  was  reobtained 
unchanged.  The  condensate  was  freed  from  acetic  acid  by  washing  with  a  solution  of  soda,  and  was  then  dried 
over  calcined  sodium  sulfate  and  distilled  under  vacuum. 

Dehydrogenation  of  hydroaromatic  hydrocarbons.  Dehydrogenation  was  carried  out  in  an  8  cm  diameter 
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glass  tube  and  a  layer  of  catalysts  18  cm  long,  heated  by  a  vertical  electrical  oven  to  340-360*.  The  substance 
was  introduced  at  a  rate  of  3-4  drops  per  minute.  Platinized  charcoal  (10%  platinum),  prepared  by  Linstead's 
method  [15],  served  as  the  catalyst.  After  4-methyl-l-vinyl-2-phenyl -4-cyclohexene  had  been  passed  through 
the  tube  twice,  5-methyl-2-ethyldiphenyl  was  obtained. 

B.p.  138-140*  at  10  mm.  d*®4  0.9886,  n*°D  1.5745,  MRd  65.70;  calc.  64.27. 

Found  %;  C  91.54,  91.62;  H  8.02,  8.09.  CigHu.  Calculated  %:  C  91.79;  H  8.21. 

SUMMARY 

1.  The  condensation  of  cinnamaldehyde  with  divinyl,  piperylene,  isoprene,  diisopropenyl,  1,3-cyclohexa- 
diene  and  1,3-cyclopentadiene  was  investigated  and  the  condensation  products  were  described. 

2.  By  the  action  of  methylmagnesium  iodide  on  2-phenyltetrahydrobenzaldehyde  and  its  homologs  secondary 
hydroaromatic  alcohols  were  obtained  and  described  and  the  acetates  of  the  latter  were  prepared. 

3.  The  corresponding  hydroaromatic  hydrocarbons  were  obtained  by  the  pyrolysis  of  all  the  acetates  with 
the  exception  of  the  acetate  of  mefhyl-(2-phenyl-3,6-endoethylene-cyclohexene-4-yl)-carbinol. 

4.  From  the  example  of  4-methyl-l-vinyl-2-phenyl-4-cyclohexene  it  was  shown  that  in  accordance  with 
the  proposed  structure  hydrocarbons  of  the  given  type  are  dehydrogenated  on  platinum. 
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SYNTHESIS  OF  3  -CHLORO  SUBSTITUTED  ALCOHOLS  AND  THEIR  CONVERSIONS 


M.  I.  Farberov  and  V.  A.  Speranskaia 


fl-Chloro  substituted  alcohols,  in  which  the  chlorine  is  in  a  position  6  to  the  hydroxyl  group  (6 -chlorohydrins), 
have  been  difficultly  accessible  and  unstudied  until  now. 

When  olefins  are  reacted  with  formaldehyde  in  an  aqueous  medium  in  the  presence  of  dilute  acids,  the  main 
reaction  products  are  alkyldioxanes-1,3  in  yields  of  70-907o  based  on  the  formaldehyde  reacted  [1], 

The  present  work  is  devoted  to  a  detailed  investigation  of  the  reaction  of  simple  olefins  (ethylene,  propylene 
and  butylenes)  with  formaldehyde  in  concentrated  hydrochloric  acid.  In  the  first  instance  we  were  interested  in 
the  reactions  of  butylenes  since  we  hoped  to  use  the  products  obtained  for  some  syntheses  of  practical  importance. 

In  the  liquid  phase,  butene-2  reacts  with  formaldehyde  (in  the  form  of  paraform).  dissolved  in  concentrated 
hydrochloric  acid,  quite  vigorously,  even  at  room  temperature  (25*).  Here  the  main  reaction  product  is  the  formal 
of  the  corresponding  B -chlorohydrin,— 3-chloro-2-methylbutanol  (II),  which  is  obtained  in  52. 97o  yield  on  the 
formaldehyde  reacted,  *  and  4,5-dimethyldioxane-l,3  (III)  (31.6‘5fo).  The  chlorohydrin  itself  (I)  was  obtained  in 
only  low  yield  (9.17%). 

The  structure  of  the  6  -chlorohydrin  (I)  was  established  by  the  following  reactions:  1)  treatment  of  (I)  with 
thionyl  chloride  gave  l,3-dichloro-2-methylbutane  (IV)  in  quantitative  yield;  2)  hydrolysis  of  (I)  in  the  presence 
of  barium  carbonate  gave  2-methylbutanediol-l,3  (V)  and  3)  acetylation  of  (I)  with  acetyl  chloride  gave  the  acetate 
of  3-chloro-2-methylbutanol-l  (VI)  in  80-85%  yield. 

That  (II)  had  the  structure  of  the  formal  of  the  6 -chlorohydrin  (I)  was  demonstrated  by  the  fact  that  hydrolysis 
in  the  presence  of  methanol  (methanolysis)  gave  a  quantitative  yield  of  the  6 -chlorohydrin  (I).  In  this  case  the 
methanol  was  used  to  bind  the  formaldehyde  liberated  during  the  hydrolysis  as  methylal  and  to  shift  the  equilibrium 
completely  in  the  direction  of  the  formation  of  the  chlorohydrin  [2].  On  the  other  hand,  treatment  of  the  6 -chloro¬ 
hydrin  (I)  with  formaldehyde  in  an  acid  medium  gave  the  formal  (II).  All  the  conversions  given  are  illustrated  by 
scheme  1. 


CHj 

I 

CHj-CH=CH  +  CHjO  +  HCl 


•From  here  on  the  yields  in  brackets  are  calculated  on  the  formaldehyde  reacted. 
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We  also  investigated  some  conversions  of  the  8  -chlorohydrin  (I)  and  its  formal  (11).  Passing  (I)  and  (II)  at 
300-350*  over  a  phosphate-type  catalyst  in  the  presence  of  water  vapor  gave  isoprene  in  53.1%  yield  (for  I)  and 
56.1%  (for  II)  on  the  material  passed.  Catalysts  of  this  type,  which  were  proposed  for  skeletal  cleavage  of  alkyl- 
dioxanes  into  dienes  by  one  of  us  (together  with  G.  I.  Kishinskii  [11]),  possess  hydrolyzing  and  dehydrating  pro¬ 
perties.  Apparently,  on  the  catalyst  there  is  the  successive  hydrolysis  of  formal  (II)  into  8  -chlorohydrin  (I)  and 
hydrolysis  of  (I)  into  diol  (V);  the  diol  is  then  dehydrated  into  isoprene  (XXIII)  with  the  loss  of  two  molecules  of 
water  (scheme  2). 


Catalytic  cleavage  in  the  presence  of 
catalyst  and  H2O  vapor  (3Cr0-350’) 


CH, 
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CH.-CH-CH-CHiOH  CH,-CH=C-CH.OHi 

’1  ‘  I  ’  I  I 


-iH,0 


CH2=CH-C  =  CH2 
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t  CK.  Cl 
'll 
CH-CH-  CH-CHi 

I  I 

CH,-CH-CH-HC  CH-CH-CH-Ch, 
II  I  I 

Cl  CHj  0  CHj  Cl 


Oxidation  of  the  8  -chlorohydrin  (I)  with  chromium  trloxide  in  sulfuric  acid  gave  the  trimer  of  3-chloro-2- 
methylbutanol  (Vll).  Apparently,  in  this  case  the  hydroxyl  group  of  the  8 -chlorohydrin  (I)  was  oxidized  to  an 
aldehyde  group;  in  the  presence  of  acid,  the  aldehyde  formed  was  then  converted  into  the  trimer  (VII). 

Treatment  of  (I)  with  alcoholic  alkali  led  to  the  formation  of  2-methylbutanal  (Vlll),  but  in  low  yield. 
Apparently,  in  this  case  dehydrochlorination  first  occurred  to  form  the  8 -unsaturated  alcohol  (XXV),  which  then 
isomerized  into  die  aldehyde  (Vlll).  The  aldehyde  formed  a  considerable  amount  of  tar  in  the  presence  of  alkali. 

Isobutylene  reacted  with  formaldehyde  in  concentrated  hydrochloric  acid  solution  at  a  considerably  greater 
rate  than  butene -2  and  gave  a  substantial  amount  of  tat.  To  prevent  undesirable  side  reactions,  the  reaction  with 
isobutylene  was  performed  at  atmospheric  pressure  at  10*  and  gaseous  isobutylene  was  fed  into  the  reaction  mix¬ 
ture.  Under  these  conditions,  the  reaction  products  were  obtained  in  the  following  yields:  8  -chlorohydrin  —  3- 
chloro-3-methylbutanol-l  (DC)  (3%);  the  formal  of  the  8 -chlordiydrin  (X)  (28%)  and  the  alkyldioxane  -  4,4- 
dim  ethyldioxane- 1,3  (XI)  (53%).  A  considerable  amount  of  isobutylene  was  thus  converted  into  tertiary  butyl 
chloride  (Xll).  The  8 -chlorohydrin  (IX)  and  its  formal  (X),  obtained  from  isobutylene,  were  unstable  and  gave 
off  hydrogen  chloride  during  storage.  Apparently,  a  substantial  lowering  in  the  stability  of  the  bond  between  the 
chlorine  and  the  tertiary  carbon  atom  occurs  here. 

We  reacted  propylene  with  formaldehyde  in  concentrated  hydrochloric  acid  solution  under  the  same  conditions 
as  for  butene -2  (the  pressure  in  the  autoclave  was  correspondingly  higher).  In  this  case  the  reaction  proceeded  at 
a  slightly  lower  rate.  Here  the  main  reaction  products  were  also  the  8 -chlorohydrin  —  3-chlorobutanol-l  (XllI) 

(7%),  the  formal  of  the  8 -chlorohydrin  (XIV)  (36%)  and  4-methyldioxane-1.3  (XV)  (27%).  In  addition,  a  substance 
was  found  in  the  reaction  products,  which  we  characterized  as  4-chlorotetrahydropyran  (XVI)  (8%).  The  structures 
of  (XIII)  and  (XIV)  were  established  in  the  same  way  as  for  the  analogous  products  obtained  in  the  reaction  with 
butene-2.  The  formal  (XIV)  was  smoothly  converted  into  the  8 -chlorohydrin  (XUI)  by  methanolysis.  To  prove 
the  structure  of  (XVI),  we  synthesized  4-hydroxytetrahydropyran  (XVII)  from  allylcarbinol  and  formaldehyde  by  the 
method  which  one  of  us  described  previously  [3];  the  latter  was  treated  with  thionyl  chloride  to  give  4-chloro¬ 
tetrahydropyran,  which  was  identical  with  the  product  (XVI)  we  obtained.  In  addition,  from  allylcarbinol  and  form* 
aldehyde  in  concentrated  hydrochloric  acid  solutions  we  also  synthesized  4-chlorotetrahydropyran,  identical  with 
(XVI). 
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Catalytic  cleavage  of  the  8 -chlorohydrin  (XIII)  and  its  formal  (XIV)  in  the  presence  of  water  vapor  over  the 
catalysts  mentioned  above  led  to  the  formation  of  divinyl  in  85  %  yield  on  the  material  decomposed  and  80%  on 
that  passed.  Dehydrochlorination  of  the  6  -chlorohydrin  with  alcoholic  alkali  led  to  the  formation  of  allylcarbi- 
nol  and  butyraldehyde  in  low  yields.  The  mechanism  of  the  latter  reactions  is  apparently  the  same  as  for  the  pro¬ 
ducts  from  butene -2.  The  reactions  for  propylene  are  given  in  scheme  3. 

The  reaction  of  ethylene  with  formaldehyde  in  concentrated  hydrochloric  acid  solution  was  most  difficult  of 
all.  In  this  case  we  performed  it  at  a  considerably  higher  temperature  (75*)  and  the  initial  pressure  of  ethylene  in 
the  autoclave  was  110  atm.;  to  increase  the  solubility  of  the  ethylene,  a  volume  of  chloroform  equal  to  that  of 
ihe  reaction  mixture  was  introduced  into  the  autoclave.  However,  even  under  such  drastic  conditions  the  amount 
of  formaldehyde  consumed  after  4  hours  was  only  47-50%.  The  reaction  products  were  found  to  contain  die  8- 
chlorohydrin  —  3-chloropropanol-l  (XVIII)  (5%),  the  formal  of  the  8 -chlorohydrin  (XIX)  (37%)  and  dioxane-1,3 
(XX)  (7%)  together  with  a  considerable  amount  of  tar.  An  attempt  to  increase  the  reaction  rate  by  adding  zinc 
chloride  (10%  by  weight),  raising  the  temperamre  and  increasing  the  ethylene  pressure  did  not  lead  to  better  yields 
in  addition,  in  this  case  the  reaction  tended  to  form  1,3 -dlchloropropane  (XXI)  (scheme  3). 


CHj-CH=CHj  +  CHjO  +  HCL 


I  2  2,2 

C  — CH^— 0 
(M) 


CHy 
I  ^ 
Cl 


Mgthanolysis 


OCHj-CHj-CHjCl 


OH 

(XVIIl) 


Cl  Cl 


OCHj-CHj-CHjCl 
(XK) 


iXM) 


To  study  the  relative  reaction  rates  for  the  reactions  of  propylene,  butene-2  and  isobutylene  with  formaldehyde 
in  concentrated  hydrochloric  acid  solution,  we  devised  special  experiments.  They  were  performed  at  -5*(i.e., 
at  a  temperature  at  which  the  reactions  proceeded  at  a  moderate  rate)  and  with  constant  initial  concentrations  of 
olefin,  formaldehyde  and  hydrochloric  acid.  Since  these  reactions  were  proceeding  in  a  system  composed  of  two 
immiscible  liquid  phases  (hydrochloric  acid  solution  of  formaldehyde  and  hydrocarbon  phase),  we  first  determined 
the  stirring  rate  at  which  the  reactions  were  not  limited  by  diffusion  factors.  It  was  thus  found  that  the  reaction 
rate  could  be  represented  satisfactorily  by  a  first-order  equation  in  all  cases. 

Curves  of  the  change  in  the  degree  of  formaldehyde  conversion  with  time  at  —5*  are  given  in  the  Figure  for 
all  three  olefins.  To  determine  the  activation  energy  and  the  temperature  coefficient  of  the  reactions, 
additional  experiments  were  performed  at  “15*  for  isobutylene,  +  5*  for  butene-2  and  propylene  and  +  15*  for 
propylene.  The  table  shows  the  rate  constants  for  the  three  olefins  at  different  temperatures.  Using  these  data  and 
Arrhenius’  equation,  the  activation  energies  and  the  temperature  coefficients  of  the  reactions  were  determined  (at 
temperatures  close  to  0*). 

Thus,  the  rates  of  conversion  of  the  three  given  olefins  were  related  in  the  following  way:  propylene:  butene - 
-2  :  isobutene  —  1  :  1.2  :  18.5. 
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TABLE 

Rate  Constants  and  Activation  Energies  of  the  Reactions  Between 
Propylene,  Butene -2  and  Isobutylene  and  Formaldehyde  in  Concentrated 
Hydrochloric  Acid. 


Temperature 

Reaction  rate  constant  (min"^) 
/C  •  10>  ' 

butene -2 

propylene 

-15° 

47.35 

-5 

108.52 

5.88 

4.88 

1  5 

— 

13.83 

11.52 

.15 

— 

— 

21.72 

Activation  energy  (kcal/mole) 

10950 

12156 

12200 

Temperature  coefficient 

2.48 

2.35 

1  2.36 

The  mechanism  of  the  reactions  described  above  is  a  particular  case  of  the  mechanism  of  die  reaction  be¬ 
tween  olefins  and  formaldehyde,  which  one  of  us  proposed  [1],  It  is  represented  byscheme4,  where  the  reaction 
of  propylene  and  formaldehyde  in  concentrated  hydrochloric  acid  is  considered  as  an  example  (scheme  4). 


CHj  — 0  +  H  Cf 


CHjOH  +  Cl 
(a) 

^  ’  1  I  ' 


r> 


H-CH;,-CH=CH2  +  CHjOH+Cl' 


CHCl 


HjC 

HjC. 


/ 


\/ 

0 


'CH, 

I 

.CHj 


-H,0 


!ch,-ch,-ch-ch,-ch, 

II  ^  *  I  ^  I  * 

[^OH 


CH,0 


OH 

(XllI) 


Cl 


O-CHj-CHj-CH-CHj 


Cl  (XIV) 


(XVI) 


Cl 

(XXVI) 


CHj=CH-CH2-CHiOH  +  HCl 
(XXII* 


Propylene  (and  also  butene-2)  is  characterized  by  the  presence  of  o,ir  -conjugation,  which  gives  it  a  capacity 
for  dual  reaction  at  the  1,2  and  the  1,4  bonds  [4].  In  the  reaction  with  formaldehyde  and  hydrochloric  acid,  an  in¬ 
termediate  carbonium  ion  (a)  and  a  chloride  ion  are  formed.  Heterolytic  addition  to  the  olefin  then  occurs  and 
the  carbonium  ion  (a)  is  attached  to  the  first  carbon  atom,  which  has  the  highest  electron  density.  Thus,  as  a  re¬ 
sult  of  1,2  addition,  the  fi -chlorohydrin  (XIII)  is  formed.  In  the  case  of  reaction  at  the  1,4  position,  the  addition 
of  the  carbonium  ion  to  the  first  carbon  atom  is  accompanied  by  transfer  of  the  reaction  center  to  the  fourth  atom. 
The  hydrogen  atom  is  thus  protonized  and  eliminated  as  HCl,  which  produces  mpture  ctf  the  3,4  bond  and  establishes 
a  new  2,3  ir  -bond.  In  this  way  the  reaction  leads  to  the  formation  of  the  allylcarbinol  (XXII).  The  fi -chlorohydrin 
(XIII)  and  the  allylcarbinol  (XXII)  formed  then  react  with  formaldehyde  when  (XIII)  forms  the  linear  formal  (XIV) 
and  (XXII)  forms  the  chloropentanediol  (XXVI);  the  latter  readily  loses  water  to  close  a  six-membered  ring  form¬ 
ing  4 -chlorotetrahydropyran(X  VI).  In  the  case  of  the  reaction  with  butylenes,  there  is  only  1,2-addition.  The  for¬ 
mation  of  a  considerable  amount  of  alkyldioxanes  in  addition  to  fi -chiorohydrins  and  their  derivatives,  observed  in 
reactions  with  all  the  olefins,  is  explained  by  interact! on  of  the  olefin  with  formaldehyde  in  an  acid  aqueous  medium 
[1]. 

The  different  reactivities  of  the  olefins  (propylene,  isobutylene  and  butene -2)  in  this  reaction  and  the  ratio 
of  their  reaction  rates  are  characteristic  of  many  heterolytic  addition  reactions  to  these  olefins  and  are  explained 
by  the  peculiarities  of  their  structures.  The  sharp  increase  in  the  rate  of  these  reactions  for  isobutylene  is  generally 
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knovm,  as  its  double  bond  Is  strongly  polarized  by  the  action  of  the  two  electron -donor  methyl  groups  and  its 
molecule  therefore  has  a  considerable  dipole  moment.  Butene -2  has  no  dipole  moment  due  to  the  symmetry  of 
its  structure;  however,  the  dynamic  effect  of  the  a  ,ir  -conjugation,  connected  with  redistribution  of  electron  density 
under  the  action  of  the  attacking  agent,  apparently  has  a  considerable  effect  here.  As  a  result  of  this,  the  rate  of 
heterolytic  reactions  is  always  slightly  greater  for  non-polar  (in  the  static  state)  butene-2  than  for  polar  propylene. 


EXPERIMENTAL 

A.  The  Reaction  of  Olefins  With  Formaldehyde  in  Concentrated  Hydrochloric  Acid 
Solution 

The  reactions  with  butene-2,  propylene  and  ethylene  were  performed  in  a  copper-plated  autoclave  of 
1.5  liters  capacity.  The  reaction  with  isobutylene  was  performed  in  a  three-necked  flask,  fitted  with  a  mechanical 

stirrer,  a  thermometer  and  a  reflux  condenser.  For  all  the 
experiments,  the  paraformaldehyde  was  first  dissolved  in 
concentrated  hydrochloric  acid  (37%)  allowing  1  mole 
of  CHjO  to  2  moles  of  HCl.  The  paraformalddiyde  was 
dissolved  at  50-70*  on  a  water  bath.  After  removal  of 
the  unreacted  olefin,  the  reaction  mixture  was  poured 
into  a  separating  funnel.  The  oily  layer  was  separated 
and  the  aqueous  acid  layer  extracted  with  dichloroethane 
(or  chloroform).  The  combined  oily  layers  were  then 
neutralized  with  3 -5%  soda  solution,  washed  with  water 
and  dried  by  distilling  off  the  water  as  an  azeotrope  with 
dichloroethane.  The  residue  was  vacuum-distilled.  To 
isolate  pure  products,  the  distillation  was  performed 
several  times. 


Reaction  rates  of  the  three  olefins  with  formal¬ 
dehyde  in  hydrochloric  acid  at  — 5*r 
1)  propylene;  2)  butene-2;  3)  isobutylene. 


Starting  materials.  For  the  reactions  we  used  a 
99%  isobutylene  fraction,  prepared  by  dehydration  of 
isobutyl  alcohol,  butene-2  (99%),  prepared  by  fraction¬ 
ation  of  a  mixture  of  butenes  on  a  semi -industrial column  of  100  plates,  propylene  fraction,  containing  C3H5  (87%), 
CsHg  (13%),  and  ethylene  (99.8%)  (from  a  tank)  prepared  by  dehydrating  ethyl  alcohols,  and  formaldehyde  in  the 
form  of  paraformaldehyde  with  a  95-96%  formaldehyde  content. 


B.  Methanolysis  of  Formals 

The  methanolysis  was  performed  in  the  presence  of  hydrochloric  acid  as  catalyst  and  excess  methyl  alcohol. 
The  reaction  vessel  was  a  round -bottomed  flask  connected  to  a  fractionation  column.  The  distillate  collected 
consisted  of  the  azeotrope  of  methylal  and  methanol  and  part  of  the  excess  methanol.  The  residue  in  the  distilla¬ 
tion  flask  after  hydrolysis  was  diluted  with  dichloroethane,  neutralized  with  3% soda  solution  and  washed  with 
water.  After  azeotropic  drying,  the  hydrolysis  product  was  vacuum-distilled. 


C.  Reaction  With  Butene-2 

The  autoclave  was  loaded  with  80.5  g  CHjO,  177.4  g  HCl  (in  the  form  of  a  37%  solution)  and  190  g  of  butene- 
2,  The  autoclave  was  rocked  at  25*  for  50  minutes.  The  reaction  products  were  treated  by  procedure  A.  The 
formaldehyde  consumed  was  87%.  As  a  result  of  the  experiment  we  obtained  3-chloro-2-methylbutanol-l  (I),* 
the  formal  of  3-chloro-2-methylbutanol-l  (II)*  and  4,5-dimethyldioxane-l,3  (III), 

1)  3-Chloro-2-methylbutanol-l  (I)*, 26.28  g  (  9%). 

B.p.  79.9*  (20  mm),  n*®D  1.4509,  6**4  1.04512,  MRp  31.55;  calc.  31.58. 

Found  %:  C  49.01;  H  8.89;  Cl  28.86;  OH  13.2  (phthalylation).  CgHijOCl.  Calculated  %:  C  48.97; 

H  8.98;  Cl  28.97;  OH  13.87. 


•The  compounds  marked  with  an  asterisk,  here  and  below,  were  obtained  for  the  first  time  by  us. 
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l,3-Dichloro-2-inethylbutane  (IV).  30  ml  of  the  0 -chlorohydrln  (I)  was  added  diopwise  at  room  tempera¬ 
ture  to  30  ml  of  SOClj  in  a  flask  fitted  widi  a  reflux  condenser  and  a  dropping  funnel.  The  excess  thionyl  chloride 
was  distilled  off  and  the  residue  distilled  to  give  compound  (IV). 

B.p.  80.1-80.5*,  n*®D  1.4502,  d*®4  1.09381,  MRp  34.77;  calc.  35.024. 

Found  %  Cl  49.67.  M  141.5.  CsHioClj.  Calculated  Cl  50.35.  M  141. 

2-Methylbutanediol-l,3  (V).  Into  a  flask  fitted  with  a  stirrer,  a  thermometer  and  a  reflux  condenser,  was 
placed  160  g  of  BaCOg,  500  g  of  water  and  70  g  of  the  0 -chlorohydrin  (I).  The  reaction  mixture  was  boiled  and 
stirred  continuously  for  22  hours.  We  obtained  17.0  g  of  (V). 

B.p.  89.5-90.5*  (6  mm),  n*®D  1.4478,  d*®4  0.9945. 

Found  %:  OH  29.8  (phthalylation).  CsHjjOg.  Calculated  °]a:  OH  32.7.  Literature  data  [2]:  b.p.  92*  (6  mm), 
n*°D  1.4478,  d*®4  0.9919. 

Acetate  of  3-chloro-2-methylbutanol-l  (VI).*  50  g  of  the  0 -chlorohydrin  (I)  was  dissolved  in  50  ml  of  ether 
and  50  ml  of  pyridine.  The  mixture  was  cooled  to  0*  and  50  g  of  acetyl  chloride  added  over  a  period  of  2  hours 
with  stirring  and  cooling.  The  mixture  was  stored  overnight  and  then  treated  with  ice  and  ether.  The  hydrocarbon 
layer  which  appeared  was  separated,  washed  with  37o  HCl,  3%  NagCOg  and  water  and  dried  over  CaClj.  The  ether 
was  removed  and  the  residue  vacuum ndistilled.  The  experiment  yielded  compound  (VI). 

B.p.  78-80*  (12  mm),  n*°D  1.4365,  d^®4  1.0398,  MRr,  41.16;  calculated  41.047. 

Found  %:  Cl  21.61;  acetyl  number  1.15.  CYHjgOgCl.  Calculated  %:  Cl  21.58;  acetyl  number  1.0. 

The  trimer  of  3-chloror-2-methylbutanal  (VII)*  was  prepared  by  oxidizing  the  0 -chlorohydrin  (I)  with 
chromium  trioxide.  We  used  60  g  of  the  0 -chlorohydrin  (I),  45  g  of  CrOg  in  60  ml  of  water  and  71.6  g  of  H2SO4 
In  138  ml  of  water.  The  0  -chlorohydrin  (I),  cooled  to  0*,  was  placed  in  a  flask  fitted  with  a  reflux  condenser, 
a  thermometer  and  a  dropping  funnel,  and  the  cooled  H2SO4  solution  added  to  it.  TheCrOg  solution  was  added 
portionwise  to  the  cooled  mixture  obtained  over  a  period  of  2.5  hours.  The  temperature  of  the  reaction  mixture 
varied  from  0*  to  +5*.  The  reaction  mixture  was  then  diluted  with  ice  water  and  extracted  with  ether.  The  ether 
extract  was  dried  with  CaClg.  Evaporation  of  the  ether  on  a  water  bath  yielded  36  g  of  residue,  which  was  distilled 
to  give  compound  (VII). 

B.  p.  130.1*  (10  mm),  n*®D  1.4600,  d^“4  1.10988,  MR^  89.33;  calc.  88.80. 

Found  Cl  29.61.  M  362.  CisHgyOgClg.  Calculated  <7o:  Cl  29.46.  M  361.5. 

Heating  the  product  with  Tollens'  reagent  gave  a  silver  mirror. 

2-Methylbutanal  (VIII).  15  g  of  NaOH  in  100  ml  of  alcohol  was  added  to  43.5  g  of  the  0 -chlorohydrin  (I) 
in  45  ml  of  ethyl  alcohol.  The  mixture  was  heated  in  a  flask  with  a  reflux  condenser  for  45  minutes  at  50*.  The 
precipitate  was  filtered  off  and  the  excess  alkali  neutralized  with  H2SO4.  Distillation  of  the  reaction  products 
yielded  a  fraction;  b.p.  75-92*  (8  g)  with  a  b0°lo  2-methylbutanal  content  (according  to  analysis  with  hydroxylamine 
hydrochloride). 

The  product  gave  a  silver  mirror  with  Tollens’  reagent. 

The  2,4-dinitrophenylhydrazone  had  m.p.  126.5?  A  mixed  melting  point  with  the  2,4-dinitrophenylhydrazone 
of  2-methylbutanal,  prepared  by  another  method,  was  not  depressed.  Literature  data  [5]:  m.p.  120.5*. 

2)  Formal  of  3-chloro-2-methylbutanol-l  (II),  105.8  g  (52.9%). 

B.p.  127.5*  (5-6  mm),  n*®D  1.4561,  d*®4  1.0624,  MR^  66.28;  calc.  66.018. 

Found  Cl  27.60.  M  259.  CjiHggOgClg.  Calculated  %  Cl  27.62.  M  257. 

Compound  (II)  was  subjected  to  methanolysis  by  procedure  B.  50  g  of  formal  (II),  25  g  of  methanol  and  5  ml 
of  HCl  (37*70)  were  used.  The  methanolysis  yielded  13.6  g  of  methylal  and  38.22  g  of  the  0 -chlorohydrin  (I).  The 
formal  (II)  was  also  prepared  directly  from  CHjO  and  the  0  -chlorohydrin  (I).  A  mixture  of  30  g  of  the  0 -chloro¬ 
hydrin  (I),  3.7  g  of  paraformaldehyde  and  0.7  g  of  H2S04(d  1.84)  was  heated  in  a  flask  with  a  reflux  condenser  for 
2  hours.  The  mixture  was  cooled  and  then  diluted  with  ethyl  ether.  The  ether  layer  was  separated,  neutralized 
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with  3%  NaOH  and  dried  with  CaClj.  Distillation  yielded  10.4  g  of  (II). 

Isoprene  (XXIII).  The  catalytic  cleavage  of  the  6  -chlorohydrin  (I)  and  its  formal  (II)  was  carried  out  over 
a  caulyst  in  a  laboratory  contact  furnace.  Thus,  under  the  best  conditions  300*,  contact  time  0.5  sec  and  dilution 
of  (I)  with  water  vapor  in  a  ratio  of  1  :  3  by  volume  (I)  gave  isoprene  in  53.1%  yield  on  the  material  passed  and 
84.2^  on  that  decomposed.  Under  thesame  conditions,  the  formal  (II)  gave  isoprene  in  a  yield  of  56.1%on  the 
material  passed  and  78.8%  on  that  decomposed.  The  isoprene  was  characterized  by  its  physical  constants  and  iden¬ 
tified  as  its  adduct  with  maleic  anhydride  with  m.p.  62*. 

3)  4,5-Dimediyldioxane-1.3  (III),  42.7  g  (31.60%). 

B.  p.  131-132*,  n*®D  1.4230,  0.9620. 

Literature  data  [1];  b.p.  133*,  n*®D  1.4229,  d*®4  0.9618. 

D.  Reaction  With  Isobutylene 

For  the  experiment  we  used  62.6  g  of  CH2O.  152  g  of  HCl  (as  a  37%  solution)  and  300  g  of  isobutylene.  The 
reaction  mixture  was  stirred  and  the  isobutylene  added  over  a  period  of  3.5  hours  at  10*.  The  formaldehyde  con¬ 
sumed  under  these  conditions  reached  95%.  The  reaction  products  were  treated  by  procedure  A.  The  experiment 
yielded  the  following  substances:  3-chloro-3-methylbutanol-l  (IX),*  the  formal  of  3-chloro-3-metfiylbutanol-l 
(X)*  and  4,4-dimethyldioxane-l,3  (XI). 

1)  3-Chloro-3-methylbutanol-l,*  6.86  g  (2.8%). 

B.  p.  77-79*  (16  mm),  n*®D  1.4461,  d*®4  1.03566,  MRp  31.547;  calc.  31.682. 

Found  %:  Cl  29.2;  OH  10.59.  (phthalylation).  C5H9OCI.  Calculated  Cl  28.97;  OH  13.85. 

1.3- Dichloro-3-methylbutane  was  obtained  by  treating  the  0 -chlorohydrin  (IX)  with  thionyl  chloride. 

B.  p.  79-82*  (80  mm),  n^D  1.4562  (1.4570),  d*®4  1.11446. 

2)  Formal  of  3-chloro-3-methylbutanol-l  (X),*  46.52  g  (27.7%). 

B.  p.  140-142*  (15  mm).  n*®D  1.4511,  d^®4  1.0387,  MR^  66.63;  calc.  66.018. 

Found  %:  Cl  27.47.  CuH^jOjClj.  Calculated  %:  Cl  27.60. 

3)  4.4-Dimethyldloxane-1.3  (XI).  62.16  g  (53.6%). 

B.  p.  133*  (760  mm),  n*®D  1.4235,  d*®4  0.9630.  Literature  data  [2]:  b.p.  133*.  n*®D  1.4238,  d*®4  0.9634. 

E.  Reaction  With  Propylene 

The  autoclave  was  loaded  with  70.86  g  of  CH^O,  172  g  of  HCl  (as  a  37%  solution)  and  289  g  of  propylene 
fraction.  The  autoclave  was  rocked  at  25*  for  60  minutes.  The  formaldehyde  consumed  was  90.35%.  The  reaction 
products  were  treated  by  procedure  A.  As  a  result  of  the  experiment  we  obtained  3-chlorobutanol-l  (XIII),  the 
formal  of  3-chlorobutanol-l  (XIV),*  4-methyldioxane-l,3  (XV)  and  4-chlorotetrahydropyran  (XVI).* 

1)  3-Chlotobutanol-l  (XIII),  16.67  g  (7.20%). 

B.  p.  69*  (17  mm),  n*®D  1.4428,  d*®4  1.0641,  MRd  27.019;  calc.  27.064. 

Found  %:  Cl  32.1;  OH  14.65.  (phthalylation).  C4HgOCl.  Calculated  %;  Cl  32.7;  OH  15.65. 

The  acetate  of  3-chlorobutanol-l*  was  prepared  in  85% yield. 

B.  p.  75-76*  (20  mm),  n*®D  1.4286,  d^®4  1.0659,  MRd  36.36;  calc.  36.429. 

Found  %:  Cl  23.7;  acetyl  number  1.1.  CgH^O^Cl.  Calculated  %:  Cl  23.6;  acetyl  number  1.0. 

1.3- Dichlotobutane  was  prepared  in  quantitative  yield  by  treating  the  6 -chlorohydrin  (XIII)  with  thionyl 
diloride. 

B.  p.  131-133*  (760  mm),  n*®D  1.4430,  d*®4  1.11174,  MRd  30.29;  calc.  30.406. 
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Found  %:  Cl  55.2.  M  127.9.  C4H8CI,.  Calculated  Cl  55.9.  M  127.0.  Literature  data  [6]:  b.p.  134 
(131-133*).  n*®D  1.445,  d*'’4  1.1158. 

Dehydrochlorination  of  the  8 -chlordiydrin  (XIII)  with  alcoholic  alkali  gave  allylcarbinol  and  butyraldehyde. 

In  the  experiment  50  g  of  the  8 -chlorohydrin  (XIII)  and  20  g  of  NaOH  in  250  ml  of  alcohol  were  used.  Distillation 
of  the  reaction  products  gave  two  fractions.  The  1st  fraction  had  b.p.  77-78'  and  gave  a  silver  mirror  with  Tellens’ 
reagent.  The  2,4-dinitrophenylhydrazone  obtained  had  m.p.  122.1*.  Literature  data  [10]  gives  m.p.  122*  for  the 
m.p.  of  the  2,4-dinitrophenylhydrazone  of  butyraldehyde.  A  mixed  melting  point  with  the  2,4-dinitroirfienylhy- 
drazone  of  butyraldehyde  was  not  depressed.  The  2nd  fraction  with  b.p.  80-98*  was  acetylated  by  the  method  for 
(I).  Distillation  of  the  acetylation  products  gave  ±e  acetate  of  allylcarbinol.  The  b.p.  was  128-130*  (760  mm) 
n*®D  1.4150.  The  acetate  content  of  the  fraction  with  b.p.  128-130*,  determined  by  titration  with  bromide -bromate 
solution,  was  100.4%;  the  acetyl  number  was  1.0. 

2)  Formal  of  3-chlorobutanol-l  (XIV),*  50.98  g  (36.8%). 

B.p.  131.5*  (16.5  mm),  n^D  1.4499,  d*°4  1.08075,  MRj)  56.54;  calc.  56.782. 

Found  %:  Cl  31.05.  C9Hig02Cl2.  Calculated  %:  Cl  31.0. 

The  methanolysis  of  (XIV)  was  performed  by  procedure  B.  In  the  experiment  100  g  of  (XIV),  56.4  g  of 
CHjOH  and  ••ml  of  37%  HCl  were  used.  The  methanolysis  gave  32.0  g  of  methylal  and  76.1  g  of  the  8 -chloro¬ 
hydrin  (XIII). 

Divinyl  (XXIV).  The  catalytic  cleavage  of  the  8 -chlorohydrin  (XIII)  and  its  formal  (XIV)  was  performed 
in  a  laboratory  contact  furnace  over  the  catalyst  used  for  the  cleavage  of  alkyldioxanes.  Thus,  under  the  optimal 
conditions  [325*,  contact  time  0.75  sec  and  dilution  of  the  8  -chlort^ydrin  (XIII)  with  water  vapor  in  die  ratio  of 
1  :  3  by  volume]  the  yield  of  divinyl  on  the  (XIII)  decomposed  was  94.5%  and  the  divinyl  yield  on  the  chlorohydrin 
passed  was  77.8%;  for  the  formal  (XIV),  the  divinyl  yield  was  94.4%  on  the  material  decomposed  and  80%  on  that 
passed  under  the  same  conditions. 

3)  4-Methyldioxane-l,3  (XV),  29.44  g  (27.1%). 

B.  p.  114*  (760  mm),  n*°D  1.4155,  d*°4  0.9762.  Literamre  data  [2]:  b.p.  115.3*  (760  mm),  n*“D  1.4159, 

d*®4  0.9758. 

4)  4-Chlorotetcahydropyran  (XVI),*  10.13  g  (7.8%). 

B.  p.  47*  (17  mm),  n*®D  1.4612,  d*®4  1.1157,  MRp  29.64;  calc.  29.60. 

Found  %;  Cl  29.2.  C5H9OCI,  Calculated  %:  Cl  29.45. 

Compound  (XVI)  was  also  prepared  by  treating  4-hydroxytetrahydropyran  (XVII)  with  thlonyl  chloride.  For 
the  experiment  we  used  42  g  of  (XVII)  in  50  ml  of  chloroform  and  50  ml  of  thionyl  chloride  in  50  ml 
of  chloroform.  The  reaction  mixture  was  heated  and  shaken  periodically  for  4  hours.  The  yield  of  compound 
(XVI)  was  15%.  Compound  (XVI)  was  also  prepared  by  another  method  ~from  allylcarbinol,  CH2O  and  HCl.  In¬ 
to  a  flask  fitted  with  a  stirrer,  a  reflux  condenser,  a  thermometer  and  a  dropping  funnel,  was  placed  88.2  g  of 
CH|0  and  0.214  g  of  HCl.  The  mixture  obtained  was  stirred  at  8',  184  ml  of  allylcarbinol  was  slowly  added  and  tlien 
the  mixture  stirred  for  a  further  20  minutes.  The  total  duration  of  the  experiment  was  2  hours.  86.6%  of  the 
CH|0  was  consumed.  The  reaction  products  yielded  46  g  of  (XVI). 

F.  Reaction  With  Ethylene 

The  autoclave  was  loaded  with  81.39  g  of  CH2O,  198  g  of  HCl  (in  the  form  of  a  37%  solution)  and  an  equal 
volume  of  chloroform.  Ethylene  was  added  until  the  reaction  mixture  was  saturated  with  ethylene  at  25*  and  65  atm. 
Mixing  was  continued  for  4  hours  at  75*  and  110  atm.  The  fomaldehyde  consumed  was  47%.  The  reaction  pro¬ 
ducts  were  treated  by  method  A.  The  experiment  yielded  3-chloropropanol-l  (XVIII),  the  formal  of  3-chIoro- 
propanol-1  (XIX),*  and  dloxane-1,3  (XX). 

1)  3-Chloropropanol-l  (XVIII),  5.68  g  (4.77%). 

B.  p.  65.5-66.5' (20  mm),  n*®D  1.4450,  d*“4  1.12165,  MRp  22.42;  calc.  22.446. 

Found  %:  Cl  37.6;  OH  17.1  (phthalylation).  C3H7OCI.  Calculated  %:  Cl  37.56;  OH  18.0.  Literature  data 
[7]:  b.p.  161-162*,  n*®D  1.44693,  d*®4  1.1309. 

•♦Omitted,  as  in  Russian  -  Publisher's  note. 
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1,3-Dichloropropane  (XXI)  was  prepared  by  the  procedure  for  the  preparation  of  the  dichloride  from  the  fi- 
chlorohydrin  (I).  For  the  experiment  we  used  5.0  g  of  the  0 -chlorohydrin  (XVIII)  and  7.7  g  of  thionyl  chloride. 
Distillation  yielded  4  g  of  (XXI). 

B.  p.  120*.  n*®D  1.4462,  d*®4  1.17166,  MR^  25.72;  calc.  25.788. 

Found  Cl  62.9.  CjIIgClj.  Calculated  %  Cl  62.8.  Literature  data  [8]:  b.p.  120.4*.  d“4  1.1896. 

2)  Formal  of  3-chloropropanol-l  (XIX),  31.41  g  (37.1%). 

B.  p.  85.5-87.5*  (2  mm).  n*®D  1.4540,  d*®4  1.14458,  MRp  47.55;  calc.  47.546. 

Found  *70;  Cl  34.55.  C7H14OJCIJ.  Calculated  7o:  Cl  34.8. 

The  methanolysis  of  (XIX)  was  performed  by  procedure  B.  In  the  experiment  49.7  g  of  (XIX),  3.5  g  of 
CHjOH  and  6.8  g  of  37‘5(>  hydrochloric  acid  were  used.  The  reaction  yielded  7.0  g  of  (XVIII). 

3)  Dioxane-1.3  (XX).  4,19  g  (7.58<yo). 

B.  p.  105-107*  (758  mm).  n*®D  1.4220,  d*“4  1.0849.  Literature  data  [9];  b.p.  105*  (755  mm),  n*“D  1.41652, 

d*®4  1.03422. 

Investigation  of  the  Relative  R^ c t ^o n  Rates  in  the  Interaction  of  Olefins  with 
Formaldehyde  in  Concentrated  Hydrochloric  Acid  Solution 

The  experiments  were  performed  in  copper  ampules  of  10  ml  capacity.  Several  ampules  were  placed 
simultaneously  in  a  rocking  thermostat,  filled  with  circulating  industrial  brine.  The  temperature  in  the  thermo¬ 
stat  was  regulated  by  the  brine  input.  After  3  minutes  mixing,  the  "blank  ampule"  was  removed.  The  contents 
of  the  ampule  were  poured  into  water  and  the  amount  of  formaldehyde  determined.  The  amount  of  formaldehyde 
in  the  blank  ampule  was  taken  as  the  initial  amount.  Subsequent  ampules  were  removed  after  definite  time  in¬ 
tervals  and  for  each  ampule.  The  formaldehyde  content  was  determined  and  the  percent  used  calculated. 

SUMMA  RY 

1.  A  study  was  made  of  the  interaction  of  simple  olefins  with  formaldehyde  in  concentrated  hydrochloric 
acid  solution,  which  led  to  the  formation  of  fi  -chlorosubstituted  alcohols  and  their  formals,  together  with  a 
considerable  amount  of  alkyldioxanes. 

2.  Some  chemical  conversions  of  S-chloro  substituted  alcohols  and  their  formals  were  studied. 

3.  The  relative  reactivities  of  the  olefins  in  these  reactions  were  investigated. 

4.  The  mechanism  of  these  reactions  was  explained  as  a  particular  case  of  the  general  mechanism  of  the 
reaction  of  olefins  with  aldehydes,  proposed  previously. 
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THE  CHEMISTRY  OF  SELENOPHENE 

XI.  a-IODOSELENOPHENES  IN  THE  ORG  A  NOMAGNESIUM  SYNTHESIS  OF  SELENOPHENE-a- 

-CARBOXYLIC  ACIDS 

lu.  K.  lur’ev  and  N.  K.  Sadovaia 


In  the  work  of  Umezawa  [1],  devoted  to  the  halogenation  of  the  selenophene  nucleus,  it  was  noted  that  2- 
-haloselenophenes  and,  in  particular,  2-iodoseleno]diene  hardly  reacted  with  magnesium  under  the  conditions  of 
the  Grignard  reaction.  In  connection  with  this,  in  one  of  our  previous  works  [2]  we  metalized  the  selenophene 
nucleus  by  treating  a-iodoselenophenes  with  phenyllithium,  in  studying  the  reactivity  of  a-haloselenophenes. 

The  a -lithiumselenophenes  formed  in  this  way  gave  the  corresponding  a-selenophenecarboxylic  acids,  when  sub¬ 
sequently  treated  with  carbon  dioxide. 

In  the  present  work  we  established  that  despite  the  statement  of  Umezawa,  a-iodoselenophenes  are  capable 
of  undergoing  a  Grignard  reaction  and  form  selenienyimagnesium  iodides  when  treated  with  magnesium  in  dry  ether, 
However,  this  reaction  proceeds  with  difficulty  and  requires  activation  with  ethylene  bromide  and  slow  addition  of 
the  a -iodoselenophene  to  the  magnesium  with  the  ether  solution  boiling  continuously.  By  carboxylation  of  the  a- 
-selenienylmagnesium  iodides  formed,  we  obtained  the  corresponding  a -carboxylic  acids  of  the  selenophene  series, 
identical  with  those  we  obtained  previously  [2]. 
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2-Bromoselenophene  would  not  undergo  the  reaction  described;  there  was  no  reaction  either  in  ethyl  or  di¬ 
butyl  ether. 

We  measured  the  dissociation  constants  of  selenophene -2-carboxylic  and  benzoic  acids  in  80%  ethyl  alcohol 
at  20*,  using  an  LP-5  potentiometer  with  a  glass  electrode.  The  measurement  showed  the  selenophene -2-carboxylic 
acid  =  1.06  •  10"*)  was  ten  times  stronger  than  benzoic  acid  (Kjjiss  =  3-26  *  10"^). 

EXPERIMENTA  L 

Five  to  ten  drops  of  an  ether  solution  of  a  iodoselenophene  was  added  to  a  slightly  greater  amount  of 
magnesium  turnings  than  that  required  theoretically,  covered  with  absolute  ether.  If  the  reaction  did  not  begin, 

0.5  ml  of  ethylene  bromide  was  introduced  and  then  the  solution  of  a -iodoselenophene  was  added  slowly  drop- 
wise  (over  1.5-2  hours)  while  the  reaction  mixture  was  boiled  continuously  and  stirred  vigorously.  The  reaction 
mixture  was  cooled,  treated  with  excess  solid  carbon  dioxide,  then  decomposed  with  water  and  acidified  with 
5-7  drops  of  concentrated  hydrochloric  acid.  The  ether  layer  was  separated  and  the  aqueous  one  extracted  with 
ether.  The  combined  ether  extracts  were  washed  with  water  and  dried  with  anhydrous  sodium  sulfate.  When  the 
solution  was  evaporated  to  small  volume,  crystals  of  selenophene -2-carboxylic  acid  were  deposited  and  these 
were  separated  and  recrystallized  from  water  or  dilute  alcohol. 

The  results  obtained  in  these  experiments  are  given  in  Table  1. 
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TABLE  1 


Preparation  of  Selenophene -a -carboxylic  acids 


Reaction  components* 

Reaction  products 

a  -iodoselenophenes 

' 

name 

amount 
(In  g) 

magne¬ 
sium 
(in  g) 

seleno|diene -a -carboxyl 
acid 

melting 

point 

yield 

(in%) 

2-Iodoselenophene 
(b.p.  84-85*  at  11  mm) 

4 

0.5 

S  elenophene  -2  -ca  rboxyllc 
acid 

119-120* 

53 

2-Iodo-3-methylselenophene 
(b.p.  94-95*  at  9  mm) 

3.9 

0.5 

3-Methylseleno|diene-2- 
-carboxylic  acid 

132-133* 

45 

5-Iodo-2,4-dimethylselenophene 
(b.p.  110-111*  at  10  mm) 

3 

0.3 

2,4 -Dimethyl -selenophene - 
-5 -carboxylic  acid 

177-178* 

50 

2-Iodo-3,4-dimethylseleno- 
phene  (b.p.  122-123*  at  12  mm) 

5 

0.5 

3,4-Dimethylselenophene- 
-2 -carboxylic  acid 

182.5-183 

(decomp) 

52 

•  In  all  the  experiments,  20  ml  of  ether  was  taken. 

Mixed  melting  points  of  the  acids  obtained  in  the  present  work  and  the  corresponding  authentic  selenojrfiene- 
-a -carboxylic  acids,  which  were  described  previously  [2],  were  not  depressed. 

We  determined  the  dissociation  constants  of  selenophene -2-carboxylic  acid.  The  pH  measurement  was  per¬ 
formed  in  80<7o  ethyl  alcohol  at  20*  on  an  LP-5  potentiometer  with  a  glass  electrode.  A  0.01  molar  aqueous  alcohol 
solution  of  selenophene -2-carboxylic  acid  was  30,  50  and  70%  neutralized  with  0.1  N  sodium  hydroxide  solution 
and  the  pH  values  of  the  solutions  obtained  were  measured.  The  dissociation  constants  were  calculated  by  the 
formula  deduced  in  Kumler’s  work  [3] 

For  comparison,  the  dissociation  constant  of  benzoic  acid  was  determined  under  die  same  conditions  (Table  2). 


TABLE  2 


Acid 

Kdiss 

pK 

Selenophene -2 -carboxylic . 

Benzoic . 

1.06  •  10'® 

3.26  •  10"^ 

5.98 

6.49 

SUMMA  RY 

The  selenophene  nucleus  is  metalized  not  only  by  the  action  of  phenyllithium  on  a-iodoselenophenes,  but 
also  by  the  action  of  magnesium  on  them  under  Grignard  reaction  conditions. 

Carboxylation  of  the  ot-selenienylmagnesium  iodides  formed  by  this  reaction  leads  to  selenophene -a -carboxylic 

acids. 

The  dissociation  constants  of  selenophene-2-carboxylic  and  benzoic  acids  were  determined;  selenophene- 
-2-carboxylic  acid  is  ten  times  tronger  than  benzoic  acid. 
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THE  CHEMISTRY  OF  SELENOPHENE 

XII.  5 -NITROS EL ENOPHENE-2 -ALDEHYDE  AND  5-NITROSELENOPHENE-2-CARBOXYLIC  ACID 
lu.  K.  lur’ev  and  E.  L.  Zaitseva 


In  a  recent  communication  from  one  of  us,  it  was  shown  that  selenophene  was  formylated  smoothly  by  di- 
methylformamlde  to  form  selenophene -2 -aldehyde  [1]. 

In  the  present  work  we  succeeded  in  using  N-methylformanilide  for  the  preparation  of  selenophene -2-alde¬ 
hyde.  These  two  methods  of  formylating  selenophene,  which  make  selenoj^ene -2-aldehyde  available,  allowed 
us  to  proceed  to  the  study  of  its  nitration,  which  was  achieved  in  the  present  work. 

From  literature  data  on  the  nitration  of  isologs  of  selenophene -2-aldehyde,  it  is  known  that  Gilman  and 
Wright  [2]  obtained  the  diacetate  of  5-nitrofurfural  In  33%  yield  by  the  nitration  of  furfural  with  fuming  nitric 
acid  in  an  acetic  anhydride  medium.  S.  A.  Giller  et  al.  [3]  were  able  to  raise  the  yield  of  the  diacetate  of  5-nitro- 
furfural  to  80%  by  using  70%  nitric  acid  containing  5 -77o  sulfuric  acid  for  the  nitration.  By  nitrating  thiophene- 
-2-aldehyde  similarly,  Zubarovskii  [4]  obtained  the  diacetate  of  5-nitrothiophene-2-aldehyde  in  50%  yield. 

As  regards  nitration  of  the  selenophene  nucleus,  from  the  work  of  Umezawa  [5],  it  is  known  that  by  using 
fuming  nitric  acid  in  acetic  anhydride,  he  obtained  2-nitroselenophene;  subsequent  treatment  of  the  2-nitroseleno- 
phene  with  a  mixture  of  nitric  and  sulfuric  acids  led  to  the  formation  of  2,4-dlnitroselenophene, 

We  performed  the  nitration  of  selenophene -2-aldehyde  in  an  acetic  anhydride  medium  using  fuming  nitric 
acid  (d  1.5)  and  obtained  the  dlacetate  of  5-nitroselenophene-2-aldehyde  in  63%  yield  if  5-7%  by  weight  of  con¬ 
centrated  sulfuric  acid  was  added  to  the  fuming  nitric  acid.  In  the  absence  of  sulfuric  acid,  the  yield  of  the  diacetate 
of  5 -nitroselenophene- 2 -aldehyde  fell  to  28.5%. 

On  hydrolyzing  the  diacetate  of  5 -nitroselenophene -2-aldehyde,  we  obtained  5-nitroselenophene-2-aldehyde 
in  68%  yield  (43%  calculated  on  the  selenophene -2-aldehyde  used  in  the  reaction). 

Oxidation  of  5 -nitroselenophene -2 -aldehyde  with  potassium  bichromate  in  sulfuric  acid  gave  5 -nitroseleno¬ 
phene -2-carboxyllc  acid  and  esterification  of  this  gave  the  methyl  ester  of  5 -nitroselenophene -2 -carboxylic  acid. 
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We  determined  the  dissociation  constants  of  5 -nitroselenophene -2 -carboxylic  acid  and  also  of  o-  and  p-nitro- 
benzoic  acids.  It  was  found  that  5 -nitroselenophene -2 -carboxylic  acid  =  7.63  •  10  ®)  was  equal  in  strength  ^ 
to  o-nitro benzoic  acid  (kdiss  =  4.37  •  10"®)  and  was  ten  times  stronger  than  p-nitrobenzoic  acid  (k^iss  “  )• 
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EXPERIMENTAL 


Selenophene  -2-aldehyde.  Into  a  three -necked  flask  with  a  stirrer,  a  thermometer,  a  dropping  funnel  and  a 
calcium  dilorlde  tube,  was  placed  20.7  g  (0.137  mole)  of  phosphorus  oxychloride  and  18.5  g  (0.137  mole)  of  N- 
-methylformanllide,  the  mixture  stirred  and  left  for  half  an  hour  and  then  19.65  g  (0.15  mole)  of  selenophene  added 
with  stirring  so  that  the  temperature  of  the  mixture  remained  at  23-28*.  The  reaction  mixture  was  stirred  at  tills 
temperature  for  a  further  2  hours,  left  overnight  and  poured  onto  ice  (150  g),  the  oily  layer  separated  and  the 
aqueous  one  extracted  three  times  with  ether.  The  ether  extracts  were  combined  with  the  oily  layer  and  washed 
twice  with  1.25  N  hydrochloric  acid.  The  hydrochloric  acid  extracts  were  extracted  twice  with  ether  in  their  turn 
and  the  either  extracts  added  to  the  ether  solution  of  the  reaction  product,  which  was  then  washed  wlfli  sodium  bi¬ 
carbonate  solution  twice,  then  with  water  and  dried  over  anhydrous  sodium  sulfate.  Removal  of  ±e  ether  and  distil¬ 
lation  of  the  residue  gave  17.75  g  (74.5%)  of  selenophene -2 -aldehyde. 

B.  p.  86-88*  (7  mm),  n*®D  1.6290,  d*‘’4  1.6684,  MRp  33.87,  CsHpSef^.  Calculated  32.78. 

Literature  data;  b.p.  86-87*  (7  mm),  n**’D  1.6292,  d**’4  1.6688  [1]. 

Diacetate  of  5-nitroselenojAiene-2-aldehyde.  Into  a  three -necked  flask  with  a  stirrer,  a  dropping  funnel 
and  a  thermometer,  cooled  to  (“5*)-  (—8*),  was  placed  59.7  g  (0.58  mole)  of  acetic  anhydride  and  to  it  was  added 
19  g  (0.29  mole)  of  fuming  nitric  acid  (d  1.5)  followed  by  0.7  ml  of  concentrated  sulfuric  acid  (7%  of  the  weight 
of  the  nitric  acid).  The  nitrating  mixture  was  cooled  to  “12*,  a  solution  of  17.4  g  (0.11  mole)  of  seleno|rfiene-2- 
aldehyde  in  22.9  g  (0.22  mole)  of  acetic  anhydride  added  to  it  over  a  period  of  2  hours  and  the  mixture  stirred 
at  this  temperature  for  a  further  4  hours,  poured  onto  ice  (450  g)  and  left  overnight  in  a  refrigerator.  The  diacetate 
of  5 -nitroselenophene -2 -aldehyde  was  filtered,  washed  with  cold  water  and  cold  alcohol  and  dried:  it  had  m.p. 
106.5-107*  (from  alcohol).  The  crystals  had  a  light  yellow  color.  The  yield  was  20.8  g  (63%). 

Found  %:  C  35.79,  35.57;  H  3.23,  3.15;  N  4.45,  4.44;  Se  25.31,  25.40.  *  CsHgOgNSe. 

Calculated  %;  C  35.31;  H  2.97;  N  4.57;  Se  25.78. 

Under  the  same  reaction  conditions,  but  in  the  absence  of  sulfuric  acid,  the  yield  of  the  diacetate  of  5-nitro- 
seleno|rfiene -2-aldehyde  fell  to  28.5%. 

5 -N itroselenophene -2 -aldehyde .  10  g  (0.032  mole)  of  unpurified  diacetate  of  5 -nitroselenophene -2-aldehyde 
was  added  to  8.3  ml  of  concentrated  sulfuric  acid  in  31  ml  of  water  and  the  mixmre  heated  for  25  minutes  on  a 
boiling  water  bath,  quickly  cooled  to  0*  and  extracted  three  times  with  ether.  After  evaporation  of  the  ether,  the 
residue  was  steam-distilled  and  the  distillate  obtained  left  overnight  at  0*.  The  5 -nitroselenophene -2 -aldehyde 
crystallized  as  long  pale  yellow  needles  with  m.p.  88.5-89*  (from  petroleum  ether).  The  yield  was  4.6  g  (68% 
calculated  on  the  diacetate  and  43%  calculated  on  the  selenophene-2-aldehyde  used  for  the  nitration). 

Found  %;  C  29.50,  29.52;  H  1.38,  1.36;  N  6.72,  6.77;  Se  38.55,  38.59.  CsHgOgNSe.  Calculated  %; 

C  29.38;  H  1.48;  N  6.86;  Se  38.70. 

The  semicarbazone  of  5-nitroselenophene -2 -aldehyde  was  prepared  from  0.51  g  (0.0025  mole)  of  aldehyde, 
0.28  g  (0.0025  mole)  of  semicarbazide  hydrochloride  in  10  ml  of  water  and  0.45  g  of  sodium  acetate.  The  yield 
was  0.65  g  (quantitative).  The  yellow  crystals  had  m.p.  252-254*  (decomp.)  (from  dloxane). 

Found  %;  C  27.81,  27.64;  H  2.68,  2.66;  N  21.01,  21.22;  Se  29.91,  29.82.  C6H6P3N4Se.  Calculated  %: 

C  27.59;  H  2.32;  N  21.46;  Se  30.12. 

The  thiosemicarbazone  of  5 -nitroselenophene -2-aldehyde  was  prepared  by  heating  0.51  g  (0.0025  mole)  of 
aldehyde  and  0.25  g  (0.0025  mole)  of  thlosemicarbazide  in  8  ml  of  alcdiol  with  5  drops  of  glacial  acetic  acid 
and  then  adding  8  ml  of  water.  The  yield  was  0.7  g  (quantitative).  The  yellow-orange  crystals  had  m.p.  255-257* 
(decomp.)  (from  dioxane). 

Found  %;  C  26.09,  26.11;  H  2.33,  2.40;  N  20.20.  C6H602N4SSe.  Calculated  %  C  26.00;  H  2.18;  N  20.21. 

The  2,4- dinitrophenylhydrazone  of  5-nitroselenofrfiene-2-aldehyde  was  prepared  by  heating  0.51  g  (0.0025 
mole)  of  aldehyde  and  0.45  g  (0.0025  mole)  of  2,4-dinitrophenylhydrazine  in  10  ml  of  glacial  acetic  acid.  The 

•We  are  very  grateful  to  A.  S.  Zabrodina  for  developing  a  convenient  method  for  determining  selenium  in  the 
analyses  carried  out  under  her  direction.  . 
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yield  was  0.95  g  (quantitative).  The  orange  crystals  had  m.p.  305-307*  (decomp.)  (from  nitrobenzene).  They 
were  Insoluble  In  most  organic  solvents. 

Found  %  N  18.00,  17.71.  CuHTOjNgSe.  Calculated  Ife  N  18.23. 

5 -Nltroselenojrfiene -2 -carboxylic  acid.  1.65  g  (0.004  mole)  of  5 -nitroselenophene -2-aldehyde  was  gradually 
added  with  stirring  to  a  solution  of  1.2  g  (0.002  mole)  of  potassium  bichromate  In  1.6  ml  (0.015  mole)  of  con¬ 
centrated  sulfuric  acid  and  5  ml  of  water  so  that  the  temperature  of  the  mixture  did  not  exceed  30*.  After  stand¬ 
ing  for  an  hour,  the  mixture  was  heated  for  20  minutes  on  a  boiling  water  bath,  cooled  and  extracted  three  times 
with  ether  and  the  extracts  dried  with  anhydrous  sodium  sulfate.  Distillation  of  the  ether  left  a  yellow  oil,  which 
rapidly  crystallized.  We  obtained  1.75  g  (98%)  of  5 -nitroselenophene -2-carboxyllc  acid  as  long  yellow  needles 
with  m.p.  188.5-189*  (from  water). 

Found  7o!  27.20,  27.37j  H  1.60,  1.56j  N  6.34,  6.34;  Se  35.46,  35.58.  CgHjO^NSe.  Calculated  %!  C  27.29; 

H  1.37;  N  6.36;  Se  35.85. 

The  dissociation  constant  of  5-nltroseleno|diene-2-carboxyllc  acid  was  calculated  [6],  as  In  the  case  of 
selenoj^ene-2-carboxyllc  acid  [7],  on  the  basis  of  pH  measurements  on  0.01  M  solutions  of  the  acid  In  ethyl 
alcohol, 30,  50,  and  70%  neutralized  with  0.1  N  sodium  hydroxide  solution.  The  pH  was  measured  at  20*  on  an 
LP-5  potentiometer  with  a  glass  electrode. 


Subsunce 

**dl8S 

pK 

5 -Nitroselenophene -2 -carboxylic  acid 

7.63  •  10"' 

4.12 

o-Nltrobenzoic  acid 

4.37  •  10”® 

4.36 

p-Nltrobenzolc  acid 

9.01  •  lO’* 

5.505 

For  comparison,  the  dissociation  constants  of  o-  and  p-nltrobenzoic  acids  were  determined  under  the  same 
conditions. 

The  data  presented  show  that  5-nitroselenoi^ene-2-carboxyllc  acid  Is  10  times  stronger  than  p-nltrobenzolc 

acid. 

Methyl  ester  of  5 -nitroseleno|^ene -2 -carboxylic  acid.  A  solution  of  0.55  g  (0.0025  mole)  of  5-nltroseleno- 
phene-2-  carboxylic  acid  In  10  ml  of  anhydrous  methanol  was  saturated  with  dry  hydrogen  chloride  with  cooling 
and  kept  for  18  hours.  The  mixture  was  poured  into  40  ml  of  cold  water,  treated  with  sodium  bicarbonate  solution 
and  filtered.  The  insoluble  material  —  the  methyl  ester  of  5 -nitroselenojiiene -2 -carboxylic  acid  —  formed  yellow, 
rose-tinted  crystals  with  m.p.  76-76.5*  (from  petroleum  ether).  The  yield  was  0.42  g  (73%). 

Found  7o:  C  30.62,  30.83;  H  2.26,  2.44;  Se  33.93,  34.03.  QH^^Se.  Calculated  %s  C  30.78;  H  2.15; 

Se  33.76. 
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SUMMARY 

1.  Formylatlon  of  selenophene  with  N-methylformanilide  gave  selenoi^ene-2-aldehyde  In  good  yield. 

2.  Nitration  of  selenoj^ene -2-aldehyde  with  fuming  nitric  acid  in  the  presence  of  a  small  amount  of  sul¬ 
furic  acid  yielded  the  diacetate  of  5 -nltroseleno|rfiene -2-aldehyde,  which  gave  5 -nltroselenoj[iiene -2-aldehyde 
on  hydrolysis.  The  latter  was  readily  oxidized  with  potassium  bichromate  In  sulfuric  acid  to  form  5-nltroseleno» 
phene -2-carboxyllc  acid. 

3.  Determination  of  the  dissociation  constants  of  5-nltroselenojirene-2-catboxyllc  acid  showed  that  It  was 
10  times  stronger  than  p-nltrobenzoic  acid  and  as  strong  as  o-nitrobenzoic  acid. 
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THE  SYNTHESIS  OF  2 . 5  -  DIM  ETHYL -3  -  A  LK  YLFU  RA  NIDIN  ES 


lu.  K.  lur’ev,  E.  G.  Rozantsev  and  S.  N.  Godovikova 


In  previous  papers,  one  of  us  [1]  described  the  preparation  of  3-alkylfuranidines  from  furanldone-3. 

The  present  work  Is  devoted  to  the  synthesis  of  trialky Ifuranidines  with  alkyl  radicals  In  the  2,3  and  5  posi¬ 
tions  and  of  these,  the  only  one  described  in  the  literature  until  now  is  2,5 -dimethyl -3 -ethylfuranidine  [2], 

which  was  prepared  by  distilling  4-ethylhexen-l-ol-5  with  phosphoric  acid. 

We  realized  the  synthesis  of  2.3,6-trialkylfuranidlnes  from  2,5-dimethylfuranidone-3  by  the  following  schemer 
2,5-dlmethylfuranidone-3  — — »  2,5-dimethyl-3-alkyl-3-hydroxyfuranldine  — 2,5-dimethyl- 


3  -alkyldihydrofuran 


Jk 

Ni 


2,5 -dimethyl -3 -alkylfuranidine. 


This  method  of  synthesizing  2,5 -dimethyl -3 -alkylfuranidlnes  is  more  convenient  as  2,5-dlmethylfuranldone-3, 
which  was  first  synthesized  by  Dupont  [3],  is  readily  obtainable  by  the  Kucherov  reaction  [4]  from  hexyne-3-dlol- 
2,5,  which,  in  its  turn,  may  be  prepared  by  reacting  acetaldehyde  with  lotsich’s  complex. 

We  reacted  2,5-dimethylfuranidone-3  with  alkylmagnesium  halides  and  obtained  the  corresponding  tertiary 
alcohols  —  2,5 -dimethyl -3 -alkyl -3 -hydroxyfuranidines  and  the  maximum  yield  was  obtained  by  using  excess 
Grignard  reagent  and  decomposing  the  alkoxymagnesium  halide  formed  with  ammonium  acetate. 


O 


H,C-! 


!-CH3 


RMgX 


HoC-l 


\o/ 

R  =  CH,.  C,H„  C,H,. 


—OH 

-CH3 


Dehydration  of  each  of  these  alcohols  may  proceed  in  different  directions  and  as  a  result  of  this  the  dehydra¬ 
tion  product  may  contain  Isomeric  2,5 -dimethyl -3 -alkyldihydrofurans  with  double  bonds  in  the  2,3  and  3,4  positions 
and  also  with  a  semicyclic  double  bond.  Also,  the  possibility  of  deeper  dehydration  leading  to  diene  hydrocarbons, 
is  not  excluded. 


The  best  dehydrating  agent  for  the  dehydration  of  2,5-dimethyl-3-alkyl-3-hydroxyfuranidines  were  iodine 
and  p-toluenesulfonlc  acid.  The  mixtures  of  isomeric  dihydrofurans  (up  to  70%  yields)  readily  polymerized  on 
standing  and  on  treatment  with  0.1  N  sulfuric  acid,  about  10%  of  the  mixture  dissolved,  apparently  indicating 
that  this  amount  of  the  component  with  double  bonds  in  the  2,3  position  (a  type  of  cyclic  divinyl  ether)  was  pre¬ 
sent  [5]. 


After  treatment  of  the  mixture  of  isomeric  2,5-dimethyl-3-alkyldihydrofurans  with  sodium,  separation  of  the 
precipitate  and  two  distillations,  a  catalytic  hydrogenation  was  performedand  as  a  result  of  this  we  obtained  the 
corresponding  2,5-dlmethyl-3-alkylfuranidlnes,  which  were  apparently  mixtures  of  stereoisomers. 


H,C-! 


'-CH3 


H, 

"nT 


H,C-! 


\ 


O' 


-CH, 


nT 
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The  hydrogenation  was  performed  in  the  presence  of  Raney  nickel  at  20-25*  at  a  hydrogen  pressure  of  60  atm. 
The  constants  and  yields  of  the  2,5 -dimethyl -3 -alkylfuranidines  we  obtained  are  given  in  the  table. 


TABLE 

Properties  of  Alkylfuranidines 


Name 

Boiling  point 

n*®D 

mm 

MRd 

Yield 

!■ 

found 

calculated 

(in%) 

2,3,5  -Trimethylfuranidine 

112-113* 

(755  mm) 

1.4118 

0.8274 

34.33 

33.97 

78.0 

2,5 -Dimethyl -3- 
-ethylfuranidine 

134-135 
(753  mm) 

1.4241 

0.8406 

38.93 

38.59 

58.5 

2, 5 -Dimethyl -3- 
-propylfuranidine 

155-156 
(745  mm) 

1.4300 

0.8498 

43.24 

43.20 

64.0 

EXPERIMENTAL 

Hexyne-3-diol“2.5.  The  synthesis  was  performed  by  the  procedure  of  lotsich  [6].  From  220  g  of  ethyl 
bromide,  48  g  of  magnesium  and  90  g  of  acetaldehyde  we  obtained  58  g  (51%)  of  hexyne-3-diol-2,5  with  b.p. 

121*  (13  mm),  n*®D  1.4734,  d*®4  1.0221. 

Literature  data:  G.  Dupont  [3]:  liquid  isomer  —  b.p.  121*  (15  mm),  d^o  !•  023,  n^D  1.4733;  solid  isomer 
-m.p.  69-70*,  b.p.  122*  (15  mm).  d“o  1.0205,  n^D  1.4698.  Zh.  lotsich  [6]:  b.p.  116-116.5*  (9  mm),  d®o  1.0344, 
d*®o  1.0210.  lu.S.  Zal'kind  and  N.G.  Bessonova  [7]:  b.p.  169-172“  (38  mm),  130-132*  (22  mm).  d®4  1.0378,  d^^®4 
1.02319,  n*^®D  1.46768. 

2.5- Dimediylfuranidone-3.  The  synthesis  was  carried  out  by  the  procedure  described  by  Dupont  [3].  From 
100  g  of  hexyne-3-diol-2,5,  40  g  of  mercury  sulfate  and  1  ml  of  concentrated  sulfuric  acid  in  300  ml  of  water 
we  obuined  73  g  (73%)  of  2,5-dimethylfuranidone-3: 

B.  p.  41*  (11  mm),  n*®D  1.4252,  d*®4  0.9792,  MRp  29,20.  CgHioQj.  Calculated  29.36. 

Literature  data:  G.  Dupont  [3]:  b.p.  143*,  d^o  0.9894,  n^  1.4267,  MRp  29.557. 

Synthesis  of  2, 5  -  d  ime  thy  1 -3 -a  1  ky  1 -3 -hy  droxy  f  ura  ni  d  in  es 

2.3.5 - Trimethyl -3 -hydroxyfuranidine.  The  synthesis  was  performed  under  the  usual  Grignard  conditions 
with  efficient  stirring  and  cooling  of  the  flask  with  a  mixture  of  ice  and  salt.  From  25  g  (1.05  g  at.)  of  magnesium, 
gaseous  methyl  bromide  and  100  g  (0.87  mole)  of  2,5-dimethylfuranidone-3  we  obtained  an  alkoxymagnesium 
bromide,  which  was  decomposed  with  a  mixture  of  ice  (300  g)  and  ammonium  acetate  (250  g).  We  obtained  118  g 
(90%)  of  2,3,5-trimetfiyl-3-hydrox)rfuranidine: 

B.  p.  173-174*  (760  mm),  65.5-66*  (11  mm).  n*®D  1.4423,  d*®4  0.9720,  MRp  35.46.  CyHi/Dji.  Calculated 

35.61. 

Literature  data  [3]:  b.p.  171-173*  (755  mm),  n*^D  1.4420,  d*^  0.9719. 

2.5- Dimethyl-3-etfiyl -3 -hydroxyfuranidine.  The  synthesis  was  performed  under  analogous  conditions.  From 
100  g  (0.87  mole)  of  2,5-dimethylfuranidone-3  we  obtained  110  g  (88%)  of  2,5-dimethyl -3-ethyl-3-hydroxyfuran- 
idine. 

b.p.  78-79*  (15  mm),  181-182*  (760  mm),  n*®b  1.4480,  d*®4  0.9613,  MR^  40.07,  Calculated  40.11. 

Literature  data  [3];  b.p.  79-81*  (16  mm),  n*^D  1.4485,  d*^4  0.9693. 

2.5- Dime±yl-3-propyl-3-hydroxyfuranidine.  From  100  g  of  2,5-dimethylfuranidone-3  we  obtained  110  g 
(80%)  of  2,5 -dimethyl -3 -propyl -3 -hydroxyfuranidine: 

b.p.  191-192*  (750  mm),  81.5*  (8  mm),  n“D  1.4494,  d*®4  0.9486,  MRp  44.74i  calc.  44.85. 
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Found  °k.  C  68.67,  68.70j  H  11.49,  11.50.  CjHgO,.  Calculated  %  C  68.81j  H  11.47. 

2,5“Dlmethyl-3-propyl-3-hydroxyfuranldine  was  an  oily  liquid  with  a  musty  smell;  it  was  soluble  in  organic 
solvents  and  in  water.  It  is  not  described  in  the  literature. 

Preparation  of  2 , 5 -d  im  ethy  1 -3 -a  Iky  1  d  ihy  d  rof  ura  ns 

2.3.5- Trimethyldihydrofuran.  10  g  (0.07  mole)  of  2, 3, 5-trimethyl -3 -hydroxyfuranidine  was  boiled  gently 
for  30  minutes  with  iodine  in  a  flask  with  a  fractionating  column,  then  the  liquid  was  slowly  distilled  (the  tem¬ 
perature  of  the  emergent  vapors  did  not  exceed  95*).  The  distillate  was  saturated  with  potassium  carbonate  and 
the  dehydration  product  separated,  dried  with  anhydrous  sodium  sulfate  and  distilled.  We  obtained  4.3  g  (55%) 
of  dehydration  product  with  b.p.  100-114*  (764  mm).  After  treatment  with  sodium,  filtering  and  fractionating, 
the  substance  was  a  colorless,  very  volatile  liquid  with  a  bitter  smell. 

B.  p.  111-112*  (764  mm),  n*®D  1.4310,  d*®^  0.850,  MRd  34.16.  CtHuO  p  .  Calculated  33.50. 

Found  7o;  C  75.34  ;  75.26;  H  10.92,  10.98.  CtHuO.  Calculated  %  C  74.95;  H  10.78. 

2.5 - Dimethyl -3 -ethyldihydrofuran.  The  dehydration  was  performed  as  described  above.  From  10.5  g  (0.07 

)  mole)  of  2,5 -dimethyl -3 -ethyl -3 -hydroxyfuranidine  in  the  presence  of  0.25  g  of  p-toluenesulfonic  acid  we  obtained 

I  6  g  (67%)  of  dehydration  product  with  b.p.  120-135*  (752  mm),  which  had  the  following  constants  after  the  treat¬ 

ment  described  above; 

p  b.p.  132-133*  (755  mm),  n*“D  1.4380,  d*“4  0.8662,  MRp  38.21.  CgHjPF  .  Calculated  38.12. 

*  Found  7o!  C  76.63,  76.84;  H  11.47,  11.36.  C,Hi^.  Calculated  7o:  C  76.24;  H  11.19. 

) 

,  2,5 -Dimethyl -3 -propyldihydrofuran.  From  10  g  of  2,5 -dimethyl -3 -propyl -3 -hydroxyiuranidine  in  the  pres- 

>  ence  of  0.2  g  of  p-toluenesulfonic  acid,  we  obtained  5.2  g  (62%)  of  dehydration  product  with  b.p.  142-157* 

(757  mm),  which  had  the  following  constants  after  the  treatment  described  above; 

b.p.  153-154*  (750  mm),  n*®D  1.4417,  d^®4  0.8643,  MRjj  42.90.  CjHigO  F  .  Calculated  42.73. 

Preparation  of  2, 5  -  Dime  thyl -3 -alkylf  ur  a  nidines 

2.3.5 - Trimethylfuranidine.  50  g  (0.44  mole)  of  2,3,5 -trimethyldihydrofuran  was  hydrogenated  in  a  rocking 
autoclave  in  the  presence  of  Raney  nickel  catalyst  wl±  a  hydrogen  pressure  of  60  atm.  After  separation  of  the 
catalyst,  the  hydrogenation  product  was  treated  by  the  method  described  previously  [1].  We  obtained  39  g  (78%) 
of  2,3,5 -trimethylfuranidine; 

b.p.  112-113*  (755  mm),  n*®D  1.4118,  d*®4  0.8274,  MR^  34.33;  calc.  33.97. 

Found  °Joi  C  74.01,  73.98;  H  12.40,  12.38.  C7H14O.  Calculated  %;  C  73.63;  H  12.36. 

2.3.5- Trimethylfuranidine  was  a  very  volatile  liquid  with  a  strongly  bitter  smell.  It  is  not  described  in  the 
literature. 

2.5 - Dimethyl -3 -ethy Ifuranidine.  The  hydrogenation  was  performed  as  described  above.  From  43  g  (0.37 
mole)  of  2,5 -dimethyl -3 -ethyldihydrofuran  we  obtained  28  g  (58.5%)  of  2,5-dimethyl-3-ethylfuranidine; 

b.p.  134-135*  (750  mm),  n®®D  1.4241.  d*®4  0.8406,  MRd  38.93.  CsHjsO.  Calculated  38.59. 

Literature  data  [2];  b.p.  134*  (754  mm).  n“D  1.4238,  d“4  0,843. 

2.5- Dimethyl-3-propylfuranidine.  The  hydrogenation  was  performed  as  described  above.  From  97  g  of 

2,5 -dimethyl -3 -propyl dihyrofuran  we  obtained  51,2  g  (697o)  of  2,5-dimediyl-3-propylfuranidine; 

B,  p.  155.5-156*  (745  mm),  n*®D  1.4300,  d*®4  0.8438,  MRd  43.24,  calc.  43.20. 

Found  %;  C  76.01,  75.98;  H  12.42,  12.60.  C^^O.  Calculated  %;  C  76.02;  H  12.76. 

2.5- Dimethyl -3-propylfuranidine  was  a  mobile,  volatile  liquid  with  a  bitter  smell.  It  is  not  described  in 
the  literamre. 
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SUMMARY 


Otga nomagnesium  synthesis  of  2,5 -dimethyl -3 -alkyl -3 -hydroxyfuranidines  from  2,5-dlmethylfuranidone-3 
is  a  convenient  way  of  synthesizing  tertiary  alcohols  of  the  furanidine  series.  By  this  method  we  prepared  2,3,5- 
trimethy  1-3 -hydroxy furanidine,  2,5 -dimethyl -3 -ethyl -3 -hydroxyfuranidine  and  2, 5 -dimethyl -3 -propyl -3 -hydroxy 
furanidine,  of  which  the  latter  is  not  described  In  the  literature. 

Dehydration  of  the  2,5-dimethyl-3-alkyl-3-hydroxyfuranidines  led  to  a  mixture  of  Isomeric  dihyrofurans 
with  traces  of  diene  hydrocarbons.  The  best  dehydrating  agents  for  the  dehydration  of  tertiary  alcohols  of  the 
furanidine  series  were  iodine  and  p-toluenesulfonic  acid. 

Catalytic  hydrogenation  of  the  2,5 -dimethyl -3 -alkyldihydrofurans  led  to  the  formation  of  2,5-dimethyl-3- 
alkylfuranidines. 

The  synthesis  of  2,3,5 -trlalkylfuranidines  from  2,5-dimethylfuranldone-3,  described  in  the  present  work,  is 
a  general  method  of  synthesizing  furanidine  homologs  of  this  structure. 
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SOME  AMINO  DERIVATIVES  OF  PIAZSELENOLE 

L.  S.  Efros  and  A.  V.  El’tsev 

In  previous  communications  [1,  2]  it  was  shown  that  piazselenole  has  quinoid  structure  (I).  In  particular,  this 
is  indicated  by  data  from  interatomic  distance  measurements,  presented  by  Luzzati  [3], 

As  was  observed  recently  [2],  5-aminopiazselenole  (II)  is  capable  of  undergoing  azo  coupling  and  stmcture 
(III)  was  proposed  for  the  azo  compound  obtained  from  stmcture  (I). 


The  possibilities  of  determining  the  position  of  the  azo  group  directly  in  this  case  are  very  limited  as,  firstly, 
reducing  agents  very  readily  destroy  the  selenodiazole  ring  and,  secondly,  amino  derivatives  of  piazselenole  are 
quite  sensitive  to  atmospheric  oxygen. 

To  prove  the  proposed  direction  of  the  azo  coupling  reaction  of  5-aminopiazselenole,  we  syn&esized  amines 
(IV)  and  (V),  in  one  of  which  positions  4  and  7  and  in  the  other,  6,  are  blocked  with  methyl  groups.  Both  of  the 
amines  were  prepared  by  mixing  aqueous  solutions  of  the  appropriate  substimted  triaminobenzene  hydrochlorides 
and  sodium  selenite.  In  addition  we  also  characterized  the  nitro  compounds  (VI)  and  (VII),  which  were  readily 
formed  from  the  appropriate  ortho  diamines  and  selenium  dioxide. 


CH3 

'  Se 


rY”> 


NO,/'^^n/ 

CH3 

(VI) 


(V) 


(VII) 


NHo 


Cl 


^-N=N 

(V.I.) 
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The  l,2,4-triamlno-3,6-dimethylbenzene,  required  for  the  synthesis  of  substance  (IV)  has  not  been  described 
In  die  literature  previously;  we  prepared  It  by  die  reduction  of  trinitro-p-xylene  with  tin  In  hydrochloric  acid.  We 
were  unable  to  Identify  the  triamlne  directly;  the  most  convenient  way  was  the  very  simple  preparation  of  5-amlno- 
-4,7-dimethylplazselenole  (IV)  from  It. 

It  was  found  that  5-amlno-6-methylplazselenole  (V)  very  readily  underwent  azo  coupling  with  aryldlazonlum 
salts.  We  characterized  the  azo  dye  (VIII),  prepared  from  (V)  and  dlazotlzed2,5-'dichloroaniline.  In  the  case  of 
5-amlno-4,7-dlmediylplazselenole  (IV),  as  would  be  expected,  all  attempts  to  perform  an  azo  coupling  reaction 
were  unsuccessful,  and  the  most  active  of  the  diazo  components  tried  ~  dlazotlzed  p-nltroanlllne  —  formed  only 
a  dlazoamlno  compound.  Steric  hindrance,  caused  by  the  two  methyl  groups,  apparently.  Is  not  of  decisive  Im¬ 
portance  here,  as  In  the  case  of  5-hydroxy-4,7-dimethylhydrlndene  [4]  and  5-amlno-4,7-dimethylbenzlmldazolone 
[5]  the  azo  coupling  reaction  proceeds  smoothly. 

The  facts  presented  leave  hardly  any  doubt  as  regards  the  accuracy  of  the  structure  proposed  for  the  azo  dye 
(IV)  and  support  the  qulnold  structure  of  plazselenole  (1)  with  augmentation  of  the  double  bond  character  between 
carbon  atoms  5-4  and  6-7. 


EXPERIMENTAL 

The  nltro  compounds  were  prepared  by  mixing  aqueous  acetone  solutions  of  the  appropriate  nltro-o -diamines 
and  selenlous  acid.  The  precipitate  of  the  nltro  product  formed  was  filtered  off  and  recrystallized  from  a  suitable 
solvent.  The  yield  was  60-70*,  calculated  on  the  pure  substance. 

5-Nltro-4,7-dlmethylplazselenole  (VI).  The  starting  diamine  was  described  previously  [5].  After  recrystal¬ 
lization  from  ethyl  acetate  and  then  from  acetic  acid,  the  fine,  yellow  needles  of  5-nltro-4,7-dimethylplazselenole 
melted  at  197-198*. 

Found  N  16.56,  16.65.  CgHjOiNa.  Calculated  %  N  16.41. 

5-Nltro-6-methylplazselenole  (VII).  The  starting  product  was  a  mixture  of  amines,  obtained  by  partial  re¬ 
duction  of  2,4-dinitro-5-methylanlline  [6].  After  two  recrystallizations  from  ethyl  acetate,  the  slightly  yellowish 
needles  of  5-nitro-6-methylpiazselenole  melted  at  165-166“. 

Found  %  N  17.34,  17.54.  CtHsQjNj.  Calculated  %  N  17.36. 

l,2,4-Triamlno-3,6-dimethylbenzene.  6  g  of  trinitro-p-xylene  was  reduced  with  21  g  of  tin  in  60  ml  of 
concentrated  hydrochloric  acid;  the  tin  was  precipitated  from  a  highly  dilute  solution  (600  ml)  with  hydrogen 
sulfide  and  filtered  off.  The  filtrate  was  evaporated  in  vacuum  and  the  triamine  hydrochloride  obtained  was  used 
for  the  synthesis  of  5-amlno-4,7-dimethylpiazselenole  without  additional  purification. 

The  triamine  base  was  readily  soluble  in  water  and  rapidly  oxidized  in  air.  The  sulfate,  chloride,  bromide 
and  fluoborate  were  readily  soluble  in  water  and  in  the  corresponding  strong  acids. 

The  2-nitroindanedione-l,3-ate  of  the  triamine  could  not  be  recrystallized,  as  it  was  very  sparingly  soluble 
and  darkened  and  decomposed  when  heated  with  water.  The  picrate  and  styphnate  also  decomposed  on  heating 
with  dilute  alcohol. 

The  amino  compounds  were  synthesized  by  mixing  aqueous  solutions  of  sodium  selenite  and  the  hydrochloride 
of  the  appropriate  triamine.  The  amine  bases  were  quickly  filtered  off  from  the  solution,  washed  with  alcohol  on 
the  filter  and  recrystallized  from  a  convenient  solvent  without  preliminary  drying.  The  yield  was  45-50%,  calculated 
on  the  pure  product. 

5-Amino-4,7-dimethylpiazselenole  (IV).  The  long,  clear  yellow  needles  (from  chlorobenzene  with  char¬ 
coal  added)  melted  at  211*.  The  hydrochloride  had  a  dark  claret  color  and  was  difficultly  soluble  in  water. 

Found  %;  C  42.37,  42.19;  H  4.02,  4.06.  CgHgNgSe.  Calculated  %:  C  42.48;  H  4.01. 

5-Amino-6-methylpiazselenole  (V).  The  starting  l,2,4-triamino-5-methylbenzene  hydrochloride  [7]  was 
prepared  by  reducing  2,4-dinltro-5-methylanillne  with  tin  in  hydrochloric  acid.  After  recrystallization  from  chloro¬ 
benzene  and  then  from  chloroform,  the  5-methyl -6-aminopiazselenole  formed  coarse  yellow  needles  melting  at 
187*.  The  hydrochloride  of  the  amine  was  red  and  difficultly  soluble  in  water. 
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Found  %  C  39.88,  39.63;  H  3.43,  3.37.  C^7NjSe.  Calculated  %  C  39.64;  H  3.33. 

5-Amlno-6-methyl-4-(2',5*-dlchlorophenylazo)-plazselenole  (VIII).  A  solution  of  0.5  g  of  2,5-dlchlorophenyl- 
diazonium  fluoborate  in  30  ml  of  water  was  poured  with  stirring  into  a  solution  of  0.4  g  of  5-methyl -6 -aminopiaz 
selenole  in  50  ml  of  water  (with  the  minimum  amount  of  hydrochloric  acid  added  to  completely  dissolve  the  amine). 
After  5  minutes,  the  hydrochloride  of  the  azo  dye  was  filtered  off  and  washed  on  the  filter  with  sodium  acetate  solu¬ 
tion  and  water.  After  recrystallization  from  a  large  volume  of  chloroform,  the  light  red  needles  of  the  dye  base 
melted  from  a  large  volume  of  chloroform,  the  light  red  needles  of  the  dye  base  melted  at  258*. 

Found  %  C  40.68,  40.27;  H  2.28,  2.75.  CisHsNsSeCli.  Calculated  %  C  40.54;  H  2.36. 

SUMMARY 

In  order  to  elucidate  the  direction  of  the  azo  coupling  reaction  of  5-aminopiazselenole,  astudywas  made  of 
the  reactions  of  5-amino-6-methylpiazselenole  and  5-amino-4,7-dimethylpiazselenole  with  diazonium  salts.  The 
inability  of  the  latter  to  form  an  azo  compound,  supports  the  proposal  that  the  azo  group  is  attached  to  the  fourth 
carbon  atom  in  5-aminopiazselenole. 
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INVESTIGATION  IN  THE  FIELD  OF  IMIDAZOLE  DERIVATIVES 
XXI,  SYNTHESIS  AND  PROPERTIES  OF  IMIDAZOLONOIMIDAZOLOBENZENES 

L.  S.  Efros  and  A.  V.  El'tsov 


The  diimldazolobenzenes  (I)  studied  previously  were  close  in  their  chemical  properties  to  anthracene  deriva¬ 
tives  [1]:  when  oxidized  with  chromic  mixture,  they  formed  quinones  and  when  halogenated,  dihalogen  derivatives 
and  nitration  led  to  ±e  formation  of  mononitro  compounds. 

This  behavior  of  compound  (I)  is  caused  by  the  effect  of  the  aromatic  imidazole  rings  on  the  central  benzene 
nucleus,  the  meso  position  of  which  becomes  radically  unsaturated.  As  we  proposed  [2,  3],  in  contrast  to  benzimi¬ 
dazole  (II),  the  electron  cloud  of  benzimidazole  is  deformed  in  such  a  way  that  the  double  bond  character  between 
carbon  atoms  5  and  6  is  increased  (III). 


H 


H 


(i:i) 


Therefore,  it  seemed  interesting  to  us  to  study  the  properties  of  a  compound  in  which  the  benzene  ring  was 
condensed  both  with  an  imidazole  and  an  imidazolone  heterocycle.  One  would  imagine  that  in  comparison  with 
compound  (I),  such  a  molecule  would  have  considerably  less  radical  unsaturation  of  the  meso  position,  a  higher  re¬ 
activity  in  substitution  reactions  and  a  lower  stability  of  the  benzene  nucleus  due  to  a  decrease  in  its  aromatic  pro¬ 
perties. 


By  treating  5,6-diaminobenzimidazolone  and  its  1,3-dimethyl  analog  with  formic  and  acetic  acids,  we 
synthesized  compounds  (IV)  [4],  (V)  [5]  and  (VI),  (VII)  respectively.  When  fused  with  urea,  the  starting  diamines 
readily  formed  substances  (VIII)  and  (IX),  which  have  not  been  described  in  the  literature  previously  and  whose 
properties  we  propose  to  study  in  detail  later. 


1”  6  I 

R,-C^  1  T  /  =  0 

^  H  J  ' 


•  R 


(IV-VIl) 


Br 


^  Br 
(X-MII) 


C  =  0 


(W-XVl) 


R.-C 


NO, 


C=0 


NOz  R, 
(xvii  -;x) 


(IV, X  , XIV, XVII)  R,»R2=H; 
(V,Xl,XV,XVin)  Ri=CHj,  R2=H; 
(VI,X1I,XVI,XIX)  Ri=H,  R2=CHj; 
(VII, XII,  XX)  Ri«Ri!  =  CHj. 
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It  was  found  that  chromic  mixture  had  a  destructive  effect  on  compounds  (IV)  ~(VII);  we  were  unable  to 
Isolate  quinones,  even  when  the  reaction  was  performed  at  0*.  Bromination  of  the  compounds  studied  proceeded 
very  readily  and  gave  the  dibromides  (X)  -(XIII).  The  mononitro  compounds  (XIV)  “ (XVI)  were  Isolated  by  nitra¬ 
tion  of  the  l,2-imidazoIone-4,5-imidazoIobenzenes  (IV)  — (VII)  with  the  theoretical  amount  of  nitrating  mixture 
at  0*.  At  higher  temperatures  (20*)  and  with  excess  nitrating  mixture,  we  obtained  the  dinltro  compounds  (XVII)  - 
—  (XX).  We  should  note  that  attempts  to  introduce  two  nltro  groups  into  1,2,4,5-dimidazolobenzene  (I)  was  not 
successful  [1].  The  dinitro  products  (XVII)  and  (XVIII)  were  very  sparingly  soluble  and  therefore  we  were  unable 
to  purify  them  sufficiently  well  and  to  determine  their  elementary  compositions  with  the  required  accuracy 
However,  elementary  analysis  data  obtained  for  these  substances  made  it  possible  to  find  the  empirical  formula 
from  the  ratio  of  the  elements  and  this  corresponded  to  the  proposed  structure. 


Thus,  the  experimental  facts  presented  confirm  our  hypotheses  on  the  possible  results  of  the  simultaneous  ef¬ 
fect  of  an  imidazolone  and  an  imidazole  ring  on  a  benzene  ring  condensed  with  them.  To  a  certain  extent,  this 
may  serve  as  further  proof  of  our  conclusions  on  the  deformation  of  the  electron  cloud  of  the  benzene  nucleus  under 
the  effect  of  the  imidazolone  ring. 


EXPERIMENTAL 

1.2- (l’,3'-Dimethyl)-imidazolono-4,5-imidazolobenzene  (VI).  9  g  of  5,6-diamlno-l,3-dimethylbenzimlda- 
zolone  dihydrochloride  [2]  was  heated  for  2  hours  with  50  ml  of  99%  formic  acid  in  a  flask  with  a  reflux  condenser. 
Then  the  contents  of  the  flask  were  poured  into  a  porcelain  dish  and  evaporated  to  dryness  on  a  water  bath.  The 

dry  residue  was  dissolved  in  100  ml  of  boiling  water  and  the  solution  treated  with  animal  charcoal  and,  after  cooling, 
neutralized  with  ammonia.  The  precipitate  formed  was  filtered  off  and  recrystalllzed  from  water.  Drying-  at  105* 
yielded  6  g  of  pure  product  in  the  form  of  a  colorless  powder,  melting  at  276*. 

Found  %  N  27,96,  27.80.  C10H10ON4.  Calculated  N  27.71. 

1.2- (l’,3'-Dimethyl)-imidazolono-4,5-(2"-methyl)-imidazolobenzene  (VII)  was  synthesized  similarly  to  the 
compound  described  above,  except  that  the  formic  acid  was  replaced  by  excess  acetic  anhydride.  Recrystallization 
from  alcohol  and  drying  at  105*  gave  a  65%  yield  of  a  colorless  powder,  which  did  not  melt  at  320*. 

Found  %  N  26.14,  26,00.  C11H12ON4.  Calculated  %:  N  25.91. 

1.2.4.5- (l*,3'-Dimethyl)-diimidazolonobenzene  (IX).  7.8  g  of  5,6-diamino-l,3-dimethylbenzimidazolone 
dihydrochloride  was  ground  in  a  mortar  with  7  g  of  urea  and  the  mixture  placed  in  a  cmcible  and  heated  on  an  oil 
bath.  At  170*  the  mixture  rapidly  solidified.  The  solidified  melt  was  cooled  and  dissolved  in  hot  8%  alkali  (400  ml) 
and  the  solution  treated  with  animal  charcoal  and  acidified  with  hydrochloric  acid.  The  precipitate  was  recrystal¬ 
lized  from  acetic  acid  and  dried  at  105*.  We  obtained  5  g  of  a  substance  as  a  colorless,  amorphous  powder,  which 
was  sparingly  soluble  in  organic  solvents  and  did  not  melt  at  320*. 

Found  %;  C  55.11,  54.82;  H  4.72,  4.71.  C10H10O2N4.  Calculated  %:  C  55.05;  H  4.62. 

1.2.4.5- Diimidazolonobenzene (VIII)  was  synthesized  similarly  to  the  previous  substance,  except  that  the  start¬ 
ing  product  used  was  10  g  of  5,6-diaminobenzimidazolone  dihydrochloride.  We  obtained  7.5  g  of  a  greyish,  amorphous 
powder,  which  was  sparingly  soluble  in  organic  solvents  and  did  not  melt  at  320*.  For  analysis,  the  product  was  re¬ 
precipitated  several  times  from  alkali  with  acid  and  washed  on  the  filter  with  water  and  acetone. 

Found  %;  C  50.26;  H  3.17;  N  29.48,  29.55.  C8H6O2N4.  Calculated  %  C  50.53;  H  3.18;  N  29.46. 

Bromination  of  l,2-imidazolono-4,5-imidazolobenzene  derivatives  was  achieved  by  adding  excess  bromine 
to  a  solution  of  0.5  g  of  the  dihydrochloride  of  the  starting  material  in  20  ml  of  warm  water.  The  dibromide  was 
precipitated  from  the  solution  with  ammonia  or  excess  hydrochloric  acid  and  purified. 

3,6-Dibromo-l,2-imidazolono-4,5-imidazolobenzene  hydrochloride  (X).  The  substance  was  recrystalllzed 


several  times  from  hydrochloric  acid  and  dried  at  60*.  The  snow-white  needles  did  not  melt  at  320*. 


Found  C  25.96;  H  1.68;  N  15.18.  C8H^ON4Br2  •  HCl.  Calculated  %.  C  26.08;  H  1.37;  N  15.21. 

3.6- Dibromo-l,2-(l*,3*-dimethyl)-imidazolono-4,5-imidazolobenzene  hydrochloride  (XII).  The  substance 
was  recrystallized  several  times  from  hydrochloric  acid  and  dried  at  60*.  The  very  small,  snow-white  needles 
conuined  water  of  crystallization.  The  substance  decomposed  at  311*. 

Found  %:  0  28.87,  28.96;  H  2.81,  2.73.  CioHgON4Br2  •  HjO.  Calculated  C  28.97;  H  2.67. 

3.6- Dibromo-l,2-imidazolonO“4,5-(2"-methyl)-imidazolobenzene  (XI).  The  dibromide  base  was  recrystal¬ 
lized  from  aqueous  alcohol.  The  colorless  needles  obtained  contained  water  of  crystallization,  which  was  reddily 
removed  by  drying.  The  hygroscopic,  amorphous  powder  did  not  melt  at  320*. 

Found  N  16.11,  16.03.  C9H50N4Br2,  Calculated  %  N  16.19. 

3.6- Dibromo-l,2-(l*,3*-dimethyl)-imidazolono-4,5-(2*-methyl)-lmidazolobenzene  (XIII).  The  base  was 
recrysullized  from  aqueous  alcohol.  The  colorless,  amorphous  powder  did  not  melt  at  320*. 

Found  °hi  C  35.03,  35.51;  H  2.79,  2.65.  CiiHioON4Br2.  Calculated  %;  C  35.32;  H  2,69. 

The  mononitro  derivatives  were  prepared  in  the  following  way.  1  g  of  the  starting  material  (in  the  form  of 
the  base)  was  dissolved  in  10  ml  of  concentrated  sufluric  acid  (d  1.83),  the  solution  was  cooled  to  —5*  and  to  it  was 
added  dropwise  a  nitrating  mixture  from  2  ml  of  H2SO4  (d  1.83)  and  the  calculated  amount  of  concentrated  nitric 
acid  (d  1.513).  After  a  little  stirring,  the  reaction  mixmre  was  poured  onto  ice  and  the  mononitro  compound  sepa* 
rated  from  the  solution  and  purified. 

3-Nitro-l,2-imidazolono-4,5-imidazolobenzene  sulfate  (XIV).  When  the  reaction  mixture  from  the  nitra¬ 
tion  was  poured  onto  ice,  a  yellow  precipitate  of  the  mononitro -derivative  sulfate  formed  and  this  was  recrystallized 
several  times  from  dilute  sulfuric  acid,  washed  on  the  filter  with  anhydrous  alcohol  and  ether  and  dried  at  80*.  The 
yellow  crystals  were  sparingly  soluble  in  water. 

Found  S  10.32,  10,15;  N  22.35.  CgHgOgNs  •  H2SO4.  Calculated  “fe  S  10.11;  N  22.08. 

3-Nitro-l,2-imidazolono-4,5-(2"-methyl)-imidazolobenzene  hydrochloride  (XV).  The  reaction  mixture 
from  the  nitration  was  poured  onto  ice,  neutralized  with  ammonia  and  the  precipitate  which  formed  recrystallized 
several  times  from  dilute  hydrochloric  acid.  The  yellow  needles  were  quite  readily  soluble  in  water. 

Found  C  40.07;  H  2.98,  C9H7O3N5  •  HCl.  Calculated  C  40.09;  H  2.99. 

3-Nitro-l,2-(l*,3'-dimethyl)-imidazolono-4,5-imidazolobenzene  (XVI).  The  reaction  mixture  from  nitra¬ 
tion  was  poured  onto  ice  and  neturalized  with  ammonia  and  the  precipitate  filtered  and  recrystallized  from  glacial 
acetic  acid  and  then  from  pyridine;  the  orange-yellow  needles  did  not  melt  at  320*. 

Founder  C  48.53;  H3.60;  CioHgOjNs.  Calculated  C  48.58;  H  3.70. 

The  dinitro  derivatives  were  prepared  in  the  same  way  as  the  mononitro  derivatives  with  the  only  difference 
tfiat  excess  nitric  acid  was  used  for  the  nitration  and  the  reaction  was  performed  at  20*.  After  the  addition  of  the 
nitrating  mixture,  die  reaction  mass  was  stirred  for  1  hour,  then  poured  onto  ice  and  neutralized  with  ammonia 
and  the  precipitate  of  dinitro  product  purified. 

3.6- Dinitro-l,2-(l’,3’-dimethyl)-imidazolono-4,5-imidazolobenzene(XIX). The  yellow  crystals  (from  chloro¬ 
benzene)  melted  at  287*. 

Found  %r  C  41.03,  41.21;  H  2.85,  2.95.  CioHgOgNg.  Calculated  C  41.10;  H  2.76. 

3.6- Dinitro-l,2-(l',3'-dimethyl)-imidazolono-4,5-(2"-meihyl)-imidazolobenzene  (XX).  The  fine  orange 
needles  (from  aqueous  pyridine)  melted  at  284*. 

Found  la:  C  43.02,  43.19;  H  3.07,  3.28.  CuHioOgNg.  Calculated  %  C  43.14;  H  3.29. 

3.6- Dinitro-l,2-imidazolono-4,5-imidazolobenzene  (XVII).  The  dark-red  amorphous  powder  was  washed 
on  the  filter  with  distilled  water,  then  acetone,  alcohol  and  ether.  The  substance  did  not  melt  at  320*. 

Found  %  C  34.05,  34.19,  33.84;  H  2.39,  2.37,  2.51;  N  28.88,  28.82.*  CgH405N6.  Calculated  %  C  36.37; 

H  1.53;  N  31.82. 

•These  analysis  data  give  the  formula  CgH5.gOe.jN5  g. 
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3,6-DinitrO“l,2-imldazolono~4,5-(2"-methyl)--lmldazoloben2ene  (XVIII).  The  red,  amorphous  powder  was 
washed  on  the  filter  with  distilled  water,  then  acetone,  alcohol  and  ether.  The  substance  did  not  melt  at  320*, 

Found  70:  C  37.05,  37.02,  37.00;  H  3.17,  3.24,  3.02;  N  29.55,  29.27.*  Calculated  % 

C38.86;  H  2.17;  N  30.21. 

SUMMARY 

A  smdy  was  made  of  the  oxidation,  bromination  and  nitration  reactions  of  l,2-imidazolono-4,5-imidazolo- 
benzene  derivatives  and  it  was  established  that  they  have  a  higher  reactivity  than  1,2,4,5-diimidazolobenzene 
derivatives. 
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INVESTIGATION  IN  THE  FIELD  OF  THE  SYNTHESIS  OF  STEROID 
HORMONE  ANALOGS 

V.  THE  SYNTHESIS  OF  SOME  COMPOUNDS  OF  THE  CYCLOPENTANOTETRAHYDRONAPHTHALENE  SERIES 

V.  I.  Maksimov  and  G.  S.  Grinenko 

In  the  course  of  investigations  on  the  synthesis  of  steroid  hormone  analogs,  we  obtained  tricyclic  compounds, 
containing  rings  B,  C,  and  D  of  the  steroid  nucleus.  Cis-  and  trans-4-keto-6-methoxy“l,2-cyclopentano-l, 2,3,4- 
tetrahydronaphthalenes  (II)  and  (VI)  were  formed  by  tfie  intramolecular  acylation  of  the  cis-  and  trans-isomers 
of  2-(p-methoxyphenyl)-cyclopentane-l-acetic  acid  (I,  V),  respectively  [1]. 


The  cyclization  was  performed  by  three  methods;  by  the  action  of  polyphosphoric  acid,  or  hydrogen  fluoride* 
and  by  the  Friedel  ~  Crafts  method,  using  stannic  chloride  as  the  condensing  agent.  In  all  cases  the  cis-acid  (I) 
gave  an  almost  quantitative  yield  of  the  cis-tricyclic  ketone  (II)  and  the  trans-acid  (V)  gave  only  a  TO^o  yield  of 
the  trans -tricyclic  ketone  under  the  same  conditions.  The  greater  tendency  of  the  cis-acid  (I)  towards  cyclization 
in  comparison  with  the  trans-acid  (V)  is  explained  by  the  lower  strain  in  cis-hydrindan  [2]. 

The  cis-tricyclic  ketone  (II)  and  its  semicarbazone  have  lower  melting  points  and  higher  solubilities  than 
the  corresponding  compounds  of  the  trans  series.  This  agrees  with  the  rule  that,  in  general,  the  trans-isomer  melts 
at  a  higher  temperature  and  is  less  soluble  [2,  3].  The  same  rule  governs  the  physical  constants  of  compounds  (III), 
(IV),  (VII),  and  (VIII)  and  their  derivatives,  prepared  from  the  corresponding  ketones  (II)  and  (VI). 

Thus,  the  difference  in  tendency  towards  cyclization  of  the  cis-  and  trans-acids  (I)  and  (V)  and  the  physical 
constants  and  solubilities  of  the  tricyclic  compounds  obtained  from  them  confirm  the  accuracy  of  the  configurations 
proposed  for  them  [1]. 

EXPERIMENTAL 

Cis-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (II).  a)  Cyclization  by  the 
Friedel  —  Crafts  method.  To  a  solution  of  1.37  g  (0.0059  mole)  of  cis-2-(p-methoxyphenyl)-cyclopentane-l- 

*  We  are  very  grateful  to  V.  F.  Sukhoverkhov  for  helping  to  carry  out  the  cyclization  under  the  action  of  hydrogen 
fluoride. 
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acetic  acid  (I)  In  30  ml  of  anhydrous  benzene  was  added  8.5  g  (0.04  mole)  of  finely  powdered  phosphorus  penta- 
chloride.  After  being  stirred  at  room  temperature  for  half  an  hour,  the  reaction  mixture  was  cooled  with  ice-water 
and  a  solution  of  7  ml  (0.04  mole)  of  stannic  chloride  in  15  ml  of  anhydrous  benzene  was  added  dropwise.  The 
reaction  mixture  was  stirred  for  1  hour  at  room  temperature  and  then  decomposed  with  ice  and  dilute  hydrochloric 
acid,  Tire  benzene  layer  was  separated  and  the  aqueous  one  extracted  with  ether.  The  benzene  ether  extract  was 
washed  with  b^Jo  alkali  solution  first  and  then  with  water  and  dried.  The  residue  after  evaporation  of  the  solvent 
was  a  dark-colored,  mobile  oil,  which  was  either  vacuum- distilled  (b.p.  136-138*  at  0.35  mm)  or  passed  through 
a  column  with  20  g  of  aluminum  oxide  in  benzine  (the  tars  remained  as  a  narrow  ring  in  the  upper  part  of  the 
column).  In  both  cases  we  obtained  1.14  g  of  cls-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tettahydrona|rfi“' 
tlialene  in  the  form  of  a  colorless  oil,  which  rapidly  crystallized  (m.p,  27r29*,  Xmax  ®  3,818). 

The  yield  was  90%. 

Found  %;  C  77.82;  H  7.57.  Ci^HisO^.  Calculated  %:  C  77.75j  H.  7.44. 

The  semicarbazone  of  cis-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydropaphthalene  had  m.p. 
169-170"  (from  alcohol). 

Found  %;  C  65.74;  H  6.94;  N  15.04.  C15H19O2N3.  Calculated  %  C  65.91;  H  6.97;  N  15.37. 

b)  Under  the  action  of  hydrogen  fluoride.  Into  a  ftorplast*vessel  was  placed  3  g  of  cis-2-(p-methoxyphenyl)- 
cyclopentane-1 -acetic  acid  and  approximately  35  g  of  liquid  hydrogen  fluoride.  The  reaction  mixture  was  allowed 
to  stand  for  2  hours,  after  which  the  hydrogen  fluoride  was  removed  in  a  stream  of  air  and  the  residue  dissolved  in 
chloroform.  The  chloroform  solution  was  washed  with  5%  soda  solution  and  water  and  dried.  The  residue,  after 
evaporation  of  the  chloroform,  was  an  almost  colorless  oil,  which  was  treated  by  the  method  described  above.  An 
almost  quantitative  yield  of  cis-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaj[rfithalene  was  obtained. 

Cis-4-keto-6 -hydroxy -1,2-cyclopentano-l, 2, 3,4-tetrahydronaphthalene  (III).  A  solution  of  2  g  (0.0093  mole) 
of  cis-4-keto-6-methoxy-l,2-cyclopentano-l, 2, 3,4-tetrahydronaphthalene  (II)  in  40  ml  of  glacial  acetic  acid  and 
40  ml  of  hydrobromic  acid  was  boiled  for  2.5  hours  in  a  stream  of  nitrogen.  The  residue  after  evaporation  of  the 
acetic  acid  was  dissolved  in  5%  sodium  hydroxide  solution  and  extracted  with  ether.  The  alkaline  solution  was 
acidified.  The  oil  which  separated  was  washed  with  water,  dried  and  decolorized  by  shaking  with  activated  char¬ 
coal.  After  distilling  off  the  ether,  we  obtained  1.45  g  of  cis-4-keto-6-hydroxy-l,2-cyclopentano-l, 2, 3,4-tetra¬ 
hydronaphthalene  in  the  form  of  clusters  of  needles.  Two  recrystallizations  from  benzene  yielded  1.3  g  (69,5<7<^  of 
products  with  m.p.  111-112", 

Found  %:  C  77.45;  H  6,83.  Ci3Hi402.  Calculated  %:  C  77.20;  H  6,98. 

Cis -6 -hydroxy -1,2-cyclopentano-l, 2, 3,4-tetrahydronaphthalene  (IV).  A  solution  of  0.2  g  of  cis-6-hydroxy- 
-4-keto-l,2-cyclopentano-l, 2, 3,4-tetrahydronaphthalene  (III)  in  2.5  ml  of  diethylene  glycol  and  0.16  ml  of  hydra¬ 
zine  hydrate  was  boiled  for  2  hours.  Then  0,25  g  of  sodium  hydroxide  was  added  and  the  mixture  heated  at  190- 
-195*  for  3  hours.  After  cooling,  the  reaction  mixture  was  poured  into  5  ml  of  water  and  acidified  with  5%  hydro¬ 
chloric  acid.  The  oil  liberated  was  extracted  with  ether.  The  ether  extract  was  washed  with  water,  dried  and 
evaporated  down.  We  obtained  0.16  g  of  cis -6-hydroxy -1,2-cyclopentano-l, 2, 3,4-tetrahydronaphthalene  with 
m.p.  66-67"  (from  a  mixture  of  ether  and  petroleum  ether). 

Found  %:  C  82.84;  H  8.52.  C13H16O.  Calculated  %:  C  82.93;  H  8.57. 

Cis-6-benzoxy-1.2-cyclopentano-1.2.3.4-tetrahydronaphthalene.  To  a  solution  of  0.46  g  of  the  cls-phenol 
(IV)  in  20  ml  of  lO^Todium  hydroxide  was  added  3  ml  of  benzoyl  chloride  and  the  mixture  shaken  until  the  smell 
of  benzoyl  chloride  disappeared  (3-4  hours).  The  oil  produced  was  extracted  with  ether.  The  ether  extract  was 
washed  with  water  until  neutral  and  dried.  The  residue  after  evaporation  of  the  ether  (0.7  g)  was  passed  through 
a  column  containing  7  g  of  aluminum  oxide  in  carbon  tetrachloride  solution.  We  obtained  0.65  g  of  cis-6-benzoxy- 
-l,2-cyclopentano-l,2,3.4-tetrahydronaphthalene  with  m.p.  81-82"  (from  a  mixture  of  equal  parts  of  alcohol  and 
ether). 

Found  %:  C  82.03;  H  6.93.  C2oH2o02.  Calculated  %:  C  82.16;  H  6.89, 

Trans -4-keto-6-methoxy-l, 2-cyclopentanb-l. 2.3, 4-tetrahydronaphthalene  (VI).  a)  Under  the  action  of 
hydroge^n  fluoride,  3.5  g  of  trans-2-(p-methoxyphenyl)-cyclopenune-l-acetic  acid  (V)  was  cyclized  with  10 
times  the  amount  of  hydrogen  fluoride,  as  described  above.  As  a  result  of  working  up  in  a  similar  way,  we  ob- 


*As  in  Russian,  polytetrafluoroethylene.  or  a  derivative  —  Publisher's  note. 
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tained  2.2  g  (68.1%)  of  trans-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  in  the  form  of 
needles  with  m.p.  95.5-96.5*  (from  alcohol)  250  m/i.loge  3.8). 

Found  %  C  77.47;  H  7.51.  Ci4Hi502.  Calculated  %  C  77.75;  H  7.44. 

The  semicarbazone  of  trans-4-  keto-6-methoxy-l,2-cyclopentano-l,2,3,4'tetrahydronaphthalene  was  almost 
insoluble  in  alcohol  and  had  m.p.  245*  (with  decomp.). 

Found  %:  N  15.11.  CjsHiANj.  Calculated  %;  N  15.37. 

b)  Under  tlie  action  of  polyphosphoric  acid.  The  polyphosphoric  acid  was  prepared  by  Uhling's  method  [4] 
from  80  ml  of  sirupy  phosphoric  acid  (d  1.75),  to  which  120  g  of  phosphorus  pentoxide  was  gradually  added  with 
strirringand  cooling.  The  polyphosphoric  acid  prepared  in  this  way  was  an  almost  colorless  liquid,  which  was  im¬ 
mobile  at  room  temperature,  but  quite  mobile  at  50-60*.  The  polyphosphoric  acid  was  heated  to  80*,  10  g  of  trans- 
-2 -(p-methoxyphenyl) -cyclopentane -1 -acetic  acid  added  and  the  mixture  stirred  for  3-4  minutes.  The  acid  dis¬ 
solved  completely  and  the  reaction  mixture  acquired  a  red  color.  The  reaction  mixture  was  poured  onto  ice.  The 
greenish -yellow  tarry  precipitate  formed  was  extracted  with  ether.  The  ether  extract  was  washed  first  with  water, 
then  widi  5%  soda  solution  and  again  with  water  until  neutral  and  dried  over  anhydrous  sodium  sulfate.  After  distil¬ 
ling  off  the  ether,  we  obtained  7.25  g  of  trans-4-keto-6-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene 
in  the  form  of  small  yellow  needles.  Recrystallization  from  alcohol  did  not  remove  the  yellow  color  of  the  pre¬ 
cipitate  and  only  after  a  benzene  solution  of  the  latter  had  been  passed  through  a  small  layer  of  aluminum  oxide 
was  the  color  retained  as  a  narrow  ring  in  the  column  and  6.6  g  (71.9%)  of  the  colorless  substance  With  m.p.  95.5- 
-96.5*  was  obtained. 

Trans-4-keto-6.-hydroxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (VII).  0.4  g  of  trans-4-keto-6- 
-methoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (VI)  was  demethylated  in  a  solution  of  8  ml  of  glacial 
acetic  acid  and  8  ml  of  hydrobromic  acid  under  the  conditions  described  for  the  cis -isomer.  After  working  up 
appropriately,  we  obtained  0.35  g  of  trans-4-keto-6-hydroxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene 
in  the  form  of  small  needles  with  m.p.  193-193.5*  (from  benzene). 

Found  %;  C  77.40;  H  6.98.  CyHiPj.  Calculated  %:  C  77.20;  H  6.98. 

Trans-6-hydroxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (VIII).  0.25  g  of  the  trans-6-hydroxy-4- 
keto  -l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  (VII)  was  reduced  by  the  Kishner  method,  as  described  for 
the  cis-isomer.  We  obtained  0.21  g  of  trans-6-hydroxy-1.2-cyclopentano-l,2,3,4-tetrahydronaphthalene  with 
m.p.  76-76.5*  (from  a  mixture  of  benzine  and  benzene). 

Found  %:  C  83.15;  H  8.52.  CuHigO.  Calculated  %:  C  82.93;  H  8.57. 

Trans-6-benzoxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene.  The  phenolate  obtained  from  0.14  g  of 
trans-6-hydroxy-l,2-cyclopentano-l,2,3,4-tetrahydronaphthalene  and  6  ml  of  10%  sodium  hydroxide,  was  shaken 
with  1  ml  of  benzoyl  chloride.  The  reaction  mixture  was  extracted  with  ether.  The  ether  extract  was  washed 
with  water  and  dried  over  anhydrous  sodium  sulfate.  The  residue  from  evaporation  of  the  ether  was  recrystallized 
from  a  40-fold  amount  of  alcohol.  We  obtained  0.2  g  of  trans-6-benzoxy-l,2-cyclopentano-l,2,3,4-tetrahydro- 
naphthalene  with  m.p.  93.8-94.3*. 

Found  %:  C  81.97;  H  7.01.  C20H20O2.  Calculated  %;  C  82.16;  H  6.89. 

SUMMARY 

1.  Preparations  are  described  for  the  stereoisomeric  cis-  and  trans-forms  of  4-keto-6-methoxy-l,2-cyclo- 
pentano-l,2,3,4-tetrahydronaphthalene  by  the  intramolecular  acylation  of  the  corresponding  cis-  and  trans-2- 
-(p-methoxyphenyl)-cyclopentane-l-acetic  acids. 

2.  The  configurations  of  these  acids  were  confirmed  by  the  difference  in  their  tendencies  towards  cyclization. 
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INVESTIGATION  IN  THE  FIELD  OF  THE  SYNTHESIS  OF  STEROID 

HORMONE  ANALOGS 


VI.  EXPERIMENTS  ON  THE  CYCLIZATION  OF  TRANS-3-(p-METHOXYPHENYL)-C  YC LOPENT  A N  -  1  - 

ONE-2-ACETIC  ACID  AND  ITS  DERIVATIVES 

V.  I.  Maksimov  and  G.  S.  Grinenko 


In  a  previous  paper  [1]  we  showed  that  cis-  and  trans-  tricyclic  ketones  of  type  (II)  (R=  H)  could  be  prepared 
by  intramolecular  acylation  of  phenylcyclopentylacetic  acids  of  type  (I)  (R=  H), 


HOOC-CH2 


°V\i 


1 


.O-CH, 

(II)  R  =  H  (III)  R=  <  I  , 
^O-CH, 

(IV)  R  =  O,  (V)  R  =  OCOCH,. 


The  synthesis  of  R.  Robinson  [2],  which  was  an  unsuccessful  attempt  to  synthesize  equilenine  by  intramolecular 
acylation  of  3-(b -methoxynaphthyl)-cyclopentan-l-one-2-acetic  acid  (VI),  lead  to  the  stereolsomeric  D,L-iso- 
equilenine.  The  presence  of  the  carboxyl  group  at  a  position  adjacent  to  the  asymmetric  carbon  atom  facilitated 
the  conversion  (through  an  enolization  stage)  to  the  stable  cis-a-hydrindanone  (VIII)  [3], 


This  conversion  was  observed  by  Weidlich  [4],  when  on  cyclizing  both  the  cis-  (X)  and  the  trans -3 -(S- 
naphthyl)-cyclopentan-l-one-2 -acetic  acids  (VII),  he  obtained  the  same  tetracyclic  diketone  (IX). 

To  obtain  a  trans  configuration  of  the  ring  in  the  tricyclic  ketone  (IV)  during  the  cyclization  of  the  trans- 
-ketoacid  (XVI),  it  is  necessary  to  convert  the  carbonyl  group  of  this  acid  into  another  group,  which  excludes  the 
possibility  of  epimerization  of  the  adjacent  asymmetric  carbon  atom. 

For  this  purpose,  we  performed  the  cyclization  of  the  ethyleneketal  of  trans-3-(p-methoxyphenyl)-cyclo- 
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pentan-l-one-2-acetic  acid  (XIII)  and  anti-trans-3-(p-inethoxyphenyl)-cycIopentane-l-acetoxy“2~ac0tic  acid 
(XVIII).  We  prepared  the  ethyleneketal  of  the  trans-ketoacid  (XIII)  (according  to  the  method  proposed  by  Wieland, 
Anner  and  Miescher  [5]  for  ketoacids)  by  alkaline  hydrolysis  of  the  corresponding  methyl  ester  (XII)  of  the  trans- 
ketoacid  (XI)  with  ethylene  glycol  in  the  presence  of  p-toluenesulfonic  acid. 


NaOH 


(XIII) 


When  the  ethyleneketal  of  the  ketoacid  (XIII)  was  cyclized  under  the  action  of  hydrogen  fluoride,  instead 
of  the  corresponding  tricyclic  ketone  (III),  a  substance  was  formed  in  quantitative  yield,  which  was  insoluble  in 
soda  solution  and  decomposed  on  distillation.  However,  this  substance  dissolved  readily  in  solutions  of  alkalis; 
when  the  solutions  obtained  were  acidified,  the  trans-ketoacid  (XVI)  was  liberated.  Elementary  analysis  of  the 
substance  indicated  that  it  had  the  same  elementary  composition  (CijHjoOs)  as  the  original  ethyleneketal  of  the 
ketoacid  (XIII). 


Its  infrared  spectrum  had  absorption  bands  characteristic  of  hydroxy  groups  [6]  (3440  cm“^)  and  lactone 
carbonyl  groups  [7]  (1738  cm”^)  (Fig.  1). 


The  properties  of  the  compound  listed  Indicate  that  it  has  the  structural  formula  (XIV).  5-(p-Methoxyphenyl)- 
-8-(6 -hydroxy)-ethoxy-2-keto-l-oxa-bicyclo-(0,3,3)-octane  (XIV)  was  characterized  as  the  acetate  (XV)  pre¬ 
pared  by  reacting  (XIV)  with  ketone  in  the  presence  of  sulfoacetic  acid  as  a  catalyst.  The  formation  of  (XIV)  may 
be  represented  in  the  following  way: 


A  case  of  the  isolation  of  an  ethyleneketal  in  the  form  of  a  cyclic  ethyleneketal  and  in  the  form  of  the  6- 
-hydroxyetliyl  ether  of  the  enol  is  described  in  the  literature  [8,  9]. 

Cyclization  of  the  trans-ketoacid  (XVI)  both  under  the  action  of  hydrogen  fluoride  and  by  the Friedel -Crafts 
method  also  did  not  lead  to  the  tricyclic  diketone  (IV),  but  gave  the  enol  lactone  (XVII)  by  the  following  scheme: 


0 

HOOC-CHj^ 


CH,0 


(Xvl) 


OH 

HOOCCHj^  X 


CH,0 


The  formation  of  the  enol  lactone  was  confirmed  by  the  characteristic  infrared  absorption  band  for  a  lactone 
carbonyl  group  (1735  cm“^)  (Fig.  2).  The  lactone  (XVII)  was  stable  to  soda  and  alkali  solution  at  room  temperature. 
However,  with  prolonged  heating  in  an  alcohol  solution  of  sodium  hydroxide,  the  enol  lactone  dissolved.  When  the 
alkaline  solution  was  acidified,  the  original  trans-ketoacid  (XVI)  was  liberated. 

Attempts  to  prepare  the  tricyclic  ketone  (V)  by  intramolecular  acylation  of  anti-trans-3-(p-methoxyphenyl)- 
cyclopentane-l-acetoxy-2-acetic  acid  (XVIII)  also  did  not  give  positive  results.  The  cyclization  was  performed 
by  three  methods:  by  the  Friedel -Crafts  method  and  under  the  action  of  hydrogen  fluoride  and  of  polyphosphoric 
acid.  The  sole  reaction  product,  which  was  isolated  in  quantitative  yield,  was  the  lactone  of  the  anti -cis -hydroxy- 
acid  (XIX),  whose  formation  from  the  acetate  of  anti-trans-hydroxyacid  (XVIII)  may  occur  as  the  result  of  a 
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Walden  inversion  at  the  carbon  atom,  connected  to  the  hydroxyl  group. 


The  tendency  towards  the  formation  of  a  lactone  ring  in  the  case  of  acyclization  of  the  trans-ketoacid  (XVI), 
the  ethyleneketal  of  this  acid  (XIII)  and  the  acetate  of  the  anti -trans-hydroxyacid (XVIII)  indicates  that  energy 
considerations  favor  the  formation  of  a  structure  with  two  conjugated  five-membered  rings,  which  results  in  the 
absence  of  strain  in  this  system  [10]. 
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Fig.  1. 


Fig.  2. 


EXPERIMENTAL 

Trans -3 -(p-methoxy phenyl  -cyclopentane-1 -ethyIenedioxy-2-acetic  acid  (XIII).  A  solution  of  5  g  (0.019 
mole)  of  the  methyl  ester  of  trans-3-(p-methoxyphenyl)-cyclopentan-l-one-2-acetic  acid  (XI)  and  75  mg  of  p- 
-toluenesulfonic  acid  in  50  ml  of  anhydrous  benzene  and  2  g  (0.032  mole)  of  ethylene  glycol  was  boiled  for  5  hours 
in  a  round -bottomed  flask,  fitted  with  a  Dean  and  Stark  still-head  and  a  reflux  condenser  with  protection  against 
moisture.  After  cooling,  the  benzene  solution  was  washed  with  sodium  bicarbonate  solution  and  then  saturated  so¬ 
dium  chloride  solution.  Evaporation  of  the  benzene  yielded  5.88  g  of  the  methyl  ester  of  trans-3-(p-methoxy- 
phenyl)-cyclopentane-l-ethylenedioxy-2-acetic  acid  (XII)  in  the  form  of  a  colorless  oil,  which  was  hydrolyzed 
without  further  purification. 

A  solution  of  5.88  g  (0.019  mole)  of  the  methyl  ester  of  trans-3-(p-methoxyphenyl)-cyclopentane-l-ethyl- 
enedioxy -2 -acetic  acid  in  55  ml  of  methyl  alcohol  and  10.5  ml  of  2  N  potassium  hydroxide  solution  (0.021  mole) 
was  allowed  to  stand  at  room  temperature  for  15  hours.  The  methyl  alcohol  was  distilled  off  in  a  stream  of  nitro¬ 
gen  at  reduced  pressure.  The  residue  was  dissolved  in  a  saturated  salt  solution  and  acidified  with  dilute  acetic  acid 
until  just  acid  to  litmus.  The  acid  liberated  was  extracted  with  benzene.  The  benzene  extract  was  washed  with  a 
saturated  salt  solution  and  dried  over  anhydrous  sodium  sulfate.  The  residue  after  evaporation  of  the  solvent  (5.6  g) 
was  recrystallized  twice  from  benzene.  We  obtained  3.6  g  (65*70)  of  trans-3-(p-methoxyphenyl)-cyclopentane-l- 
-ethylenedioxy-2-acetic  acid  (XIII)  with  m.p.  123-124*  in  the  form  of  small  needles. 

Found  °h:  C  65.89;  H  6.93.  CjsHjtfOs.  Calculated  C  65.73;  H  6.89. 

Cyclization  of  trans-3°(p-methoxyphenyl)-cyclopentane-l-ethylenedioxy-2-acetic  acid  (XIII).  3.5  g  of 
trans-3-(p-methoxyphenyl)-cyclopentane-l-ethylenedioxy-2-acetic  acid  was  treated  with  35  g  of  liquid  hydrogen 
fluoride  in  a  ftorplast*  vessel.  The  reaction  mixture  was  left  to  stand  for  2  hours,  then  the  hydrogen  fluoride  was 


•See  footnote,  page  2216. 
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removed  in  a  stream  of  air  and  the  residue  dissolved  in  chloroform.  The  chloroform  extract  was  washed  with  water, 
a  5%  solution  of  sodium  carbonate  and  again  with  water  and  dried  with  sodium  sulfate.  Evaporation  of  the  chloro¬ 
form  yielded  3.3  g  of  5-(p-methoxy)-8-(e  -hydroxy)-ethoxy-2-keto-l-oxa-bicyclo-(0,3,3)-octane  (XIV)  as  an 
immobile  oil  with  a  slightly  greenish  color.  The  substance  decomposed  on  distillation,  even  in  high  vacuum.  The 
substance  dissolved  quite  readily  in  solutions  of  alkalis  but  not  in  soda  solution,  indicating  the  lactone  character  of 
the  carboxyl  group  link.  Acidification  of  the  alkaline  solution  precipitated  3 -(p-methoxyphenyl)-cyclopentan-l- 
-one-2-acetic  acid  with  m.p.l45. 5-146.5“  (not  depressed  witli  it). 

Found  %:  C  66.09;  H  6.86;  OH  5.17.  CigHgoOg.  Calculated  C  65.73;  H  6.89;  OH  5.81. 

The  infrared  spectrum  indicated  the  presence  of  a  hydroxyl  group  (3440  cm”^)  and  a  lactone  carboxyl  group 
(1738  cm"^). 

5-(p-Methoxyphenyl)-8-(  8  -acetoxy)-ethoxy-2-keto-l-oxa-bicyclo-(0,3,3)-octane  (XV).  Over  a  period  of 

2  minutes,  a  5-fold  amount  of  ketene  was  passed  into  a  solution  of  0.65  g  (0.0022  mole)  of  5-(p-methoxyphenyl)- 
-8-(fi -hydroxy)-ethoxy-2-keto-l-oxa-bicyclo-(0,3,3)-octane  (XIV)  and  1  mg  of  sulfoacetic  acid,  as  catalyst,  in 

3  ml  of  anhydrous  acetone.  The  reaction  mixture  became  warm  (without  the  catalyst  the  reaction  did  not  occur). 
The  excess  ketene  was  expelled  with  nitrogen.  The  sulfoacetic  acid  was  neutralized  with  anhydrous  sodium  bi¬ 
carbonate.  The  residue  after  evaporation  of  the  acetone  was  dissolved  in  absolute  ether.  The  ether  solution  was 
filtered  and  evaporated.  We  obtained  0.72  g  of  5-(p-methoxyphenyl)-8-(6 -acetoxy)-ethoxy-2-keto-l-oxa-blcyclo- 
-(0,3,3)-octane  (XV)  as  a  colorless  oil. 

Found  C  64.62;  H  6.65.  Ci8H2206.  Calculated  C  64.65;  H  6.63. 

Cyclization  of  trans-3-(p-methoxyphenyl)-cyclopentan-l-one-2-acetic  acid  (XVI).  3.5  g  of  trans-3-(p- 
-methoxyphenyl)-cyclopentan-l-one-2-acetic  acid  was  treated  with  35  g  of  liquid  hydrogen  fluoride  under  the 
conditions  of  the  experiment  described  above.  After  removal  of  the  hydrogen  fluoride,  the  residue  was  dissolved 
in  chloroform.  The  chloroform  extract  was  washed  with  water,  5%  sodium  hydroxide  solution  and  again  with  water. 
After  evaporating  the  chloroform,  we  obtained  1  g  of  a  substance  in  the  form  of  an  immobile,  colorless  oil  with 
b.p.  148-150*  (0.35  mm).  Elementary  analysis  of  the  substance  and  also  its  capacity  for  giving  trans-3-(p-methoxy- 
phenyl)-cyclopentan-l-one-2-acetic  acid  on  alkaline  hydrolysis  and  the  infrared  (C  =  O,  1735  cm”^)  and  ultra¬ 
violet  spectra  (Xrnax  QHgOH  —  275  mp,  log  e  3.025)  indicate  that  the  reaction  gave  the  unsaturated  lactone 
(XVII). 

Found  C  72.87;  H  6.21.  C14H14O3.  Calculated  %  C  73.02;  H  6.13. 

Alkaline  hydrolysis  regenerated  the  original  ketoacid:  0.2  g  of  the  unsaturated  lactone  was  boiled  with 
6  ml  of  10%  potassium  hydroxide  in  methanol  for  14  hours. 

The  residue  from  evaporation  of  the  methanol  in  vacuum  was  dissolved  in  ether.  The  original  acid  was  ex¬ 
tracted  from  the  ether  solution  with  5%  soda  solution  and  acidification  of  this  liberated  a  crystalline  acid  with 
m.p.  106-107*  (not  depressed  by  the  original).  The  ether  solution  contained  nothing. 

Cyclization  of  trans-3-(p-methoxyphenyl)-cyclopentane-l-acetoxy-2-acetic  acid  (XVIIl)  was  carried  out 
by  several  methods,  a)  Friedel  -  Crafts  method;  2.5  g  (0.012  mole)  of  finely  powdered  phosphoms  pentachloride 
was  added  to  a  solution  of  0.5  g  (0.0017  mole)  of  trans-3-(p-methoxyphenyl)-cyclopentane-l-acetoxy-2-acetic 
acid  in  10  ml  of  anhydrous  benzene  and  the  mixture  stirred  at  room  temperature  for  0.5  hours.  The  reaction  mix¬ 
ture  was  cooled  with  ice-water  and  a  solution  of  3  ml  (0.013  mole)  of  stannic  chloride  in  6  ml  of  anhydrous  benzene 
added  to  it.  After  being  stirred  for  an  hour,  the  reaction  mixture  was  decomposed  with  ice-water  and  dilute  hydro¬ 
chloric  acid.  The  precipitate  was  extracted  with  chloroform.  The  chloroform  extract  was  washed  with  water,  5% 
soda  solution  and  again  with  water  and  dried.  Removal  ot  the  solvent  gave  a  quantitative  yield  of  a  substance, 
which,  after  recrystallization  from  alcohol,  had  m.p.  141-142"  and  did  not  depress  the  melting  point  of  the  lactone 
of  anti-trans-3-(p-methoxyphenyl)-cyclopentan-l-ol-2-acetic  acid  (XIX). 

b)  Under  the  action  of  polyphosphoric  acid;  to  ±e  polyjrfiosphoric  acid,  prepared  from  5  g  of  phosphorus 
pentoxide  and  3.2  ml  of  phosphoric  acid  and  heated  to  50*,  was  added  0.5  g  of  trans-3-(p-methoxyphenyl)-cyclo- 
pentane-l-acetoxy-2-acetic  acid  and  the  mixture  stirred  for  15  minutes.  The  reaction  mixture  was  poured  onto 
ice.  Working  up  in  the  usual  way  gave  a  quantitative  yield  of  the  lactone  of  anti-trans-3-(p-methoxyphenyl)- 
-cyclopentan-l-ol-2-acetic  acid  with  m.p,  141-142*. 
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SUMMARY 


A  study  was  made  of  the  cylizatlon  of  trans-3-(p-methoxyphenyl)-cyclopentan-l-one-2-acetic  acid,  the 
ethyleneketal  of  this  acid  and  anti-trans-3-<p-methoxy|rfienyl)-cyclopentane-l-acetoxy-2-acetic  acid  using  hydro¬ 
gen  fluoride  and  polyphosphorlc  acid  and  by  the  Friedel -Crafts  method. 

It  was  established  that  In  all  three  cases,  cycllzation  of  compounds  containing  an  oxygen  function  In  position 
1  proceeds  with  the  formation  of  the  corresponding  lactones  and  not  the  expected  tricyclic  ketones. 
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THE  SIMPLEST  ANALOGS  OF  CORTICOSTEROIDS 

III.  THE  INTRODUCTION  OF  DIHY  DROXYA  CETON  E,  GLYCEROL  AND  DIHYDROXY  PROPAN  EC  ARBOXYLIC 
ACID  SIDE  CHAINS  INTO  DERIVATIVES  OF  CIS-  AND  TRANS -DEC  A  LINS 

I.  N.  Nazarov,*  G.  V.  Aleksandrova  and  A,  A.  Akhrem 


In  a  previous  communication  [1],  the  preparation  of  trans-l-ethynyl-l-decalols  (I)  and  (II),  the  cis-1- 
-ethynyldecalol  (III)  and  their  acetates  (IV)  “(VI)  was  described.  The  present  work  is  devoted  to  the  study  of 
conversion  of  els-  and  trans-1-ethynyldecalols  and  their  acetates  into  compounds  with  hydroxyacetone,  glycerol 
and  dihydroxypropanecarboxyllc  acid  side  chains,  using  the  dibromoketol  and  glycidol  methods,  which  we  developed 
previously  [2],  and  to  the  investigation  of  the  stereochemistry  of  the  substances  obuined. 

The  acetate  of  trans-l-ethynyl-l-decalol  (IV)  readily  added  two  molecules  of  hypobromous  acid,  giving  a 
Sy/#  yield  of  the  acetate  of  trans-l-dibromoacetyl-l-decalol  (VII)  [3],  which  underwent  an  Intramolecular  rearrange 
ment  of  the  Favorskii  type  [2,  4]  when  saponified  with  barium  hydroxide  solution,  to  form  a  mixture  of  isomeric 
trans-l-hydroxydecalylglycolic  acids;  fractional  crystallization  from  a  mixture  of  n-heptane  and  acetone  separated 
the  two  acids,  (VIII)  with  m.p.  190 -191*  and  (IX)  with  m.p.  164-165*  in  a  ratio  of  1  :  2. 
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Treatment  of  the  glyceric  acids  (VIII)  and  (IX)  with  an  ether  solution  of  diazomethane  gave  quantitative 
yields  of  their  methyl  esters.  (X)  with  m.p.  124-124.5*  and  (XI)  with  m.p.  88-89*. 

The  addition  of  hypobromous  acid  to  die  acetate  of  trans-l-ethynyl-l-decalol  (V)  gave  an  85‘'A>  yield  of  the 
acetate  of  trans-l-dibromoacetyl-l-decalol  (XII)  as  a  viscous  yellow  oil,  which  decomposed  on  distillation  in 
vacuum  (1  mm);  Therefore,  the  acetate  of  the  dibromoketol  (XII)  was  treated  with  an  aqueous  solution  of  barium 
hydroxide  without  isolation  in  a  pure  form  and  this  gave  a  5(F/»  yield  of  a  mixture  of  two  isomeric  trans-1 -hydroxy - 
decalylglycolic  acids,  which  were  fractionally  crystallized  from  a  mixture  of  n-heptane  and  acetone  to  separate 
the  individual  acids  (XIII)  with  m.p.  138-139*  and  (XIV)  with  m.p.  175-175.5*  In  the  ratio  1  ;  1. 

•  Deceased. 
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Treatment  of  the  dihydroxyacids  (XIII)  and  (XIV)  witfi  an  ether  solution  of  diazomethane  gave  their  methyl 
esters,  (XV)  with  m,p.  123-124*  and  (XVI)  witfi  m.p.  108-109*.  As  the  data  presented  show,  the  rearrangement 
of  the  acetates  of  the  dibromoketols  of  the  trans-decalin  series  (VII  and  XII)  during  saponification  it  not  stereo¬ 
specific  and  proceeds  in  both  possible  directions. 

Treatment  of  die  acetate  of  cis-l-ethynyl-l-decalol  (VI)  with  hypobromous  acid  yielded  the  acetate  bf 
cis-l-dibromoacetyl-l-decalol  (XVII). 
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In  contrast  to  the  acetates  of  dibromoketols  of  the  trans-decalin  series  (VIl)  and  (XII),  saponification  of  the 
acetate  of  the  dibromoketol  of  the  cis-decalin  series  (XVII)  with  barium  hydroxide  proceeded  stereoselectively  and 
gave  a  50*A»  yield  of  only  one  isomer  of  cis-l-hydroxydecalylglycolic  acid  (XVIII)  with  m.p.  155-156*.  Treat¬ 
ment  of  this  acid  with  an  ether  solution  of  diazomethane  gave  an  almost  quantitative  yield  of  the  methyl  ester 
(XIX)  with  m.p.- 100-101*.  Thus,  five  out  of  the  six  theoretically  possible  steroisomers  of  the  cis-  and  trans-1- 
-hydroxydecalylglycolic  acids  (VII),  (IX),  (XII),  (XIV)  and  (XVIII),  corresponding  to  the  acetylenyl  alcohob  (I)  — 
~(III),  were  synthesized. 

Reduction  of  the  esters  of  the  trans-l-hydroxydecalylglycolic  acids  (X),  (XI),  (XV)  and  (XVI)  with  li±ium 
aluminum  hydride  gave  good  yields  of  the  corresponding  uans-l-hydroxydecalylglycols  (XX)  —  (XXIIl). 


(XX)  (XM)  (XXII)  (XHII) 
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Cis-l-hydroxydecalylglycol  (XXIV)  was  Isolated  by  reduction  of  the  methyl  ester  of  cls-l-hydroxydecalyl- 
glycolic  acid  (XIX). 
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The  second  method  of  introducing  a  glycerol  side  chain,  which  we  used  In  this  work,  was  the  glycidol  method 
[2],  based  on  the  oxidation  of  vinyldecalols  with  peracetic  acid  to  give  the  corresponding  oxides  with  subsequent 
hydrolysis  of  these  into  derivatives  with  a  glycerol  side  chain. 

The  starting  1-vinyl-l-decalols  (XXV)  —  (XXVII)  were  prepared  by  catalytic  hydrogenation  of  1-ethynyl-l- 
-decalols  (I)  ■"(III)  using  palladium  on  calcium  carbonate  at  atmospheric  pressure  [5]. 
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By  oxidation  of  trans-l-vinyl-l-decalols  (XXV)  and  (XXVI)  with  peracetic  acid  in  chloroform  we  obtained 
good  yields  of  trans-l-hydroxydecalylethylene  oxides  (XXVIII)  with  m.p.  116-117*  and  (XXIX)  with  m.p.  112-114? 
Hydrolysis  of  the  latter  compounds  with  dilute  acetic  acid  formed  the  triols  (XX)  and  (XXIII),  which  were  described 
above  and  obtained  by  reduction  of  the  methyl  esters  of  trans-l-hydroxydecalylglycollc  acids  (X)  and  (XVI). 

Oxidation  of  cis-1 -vinyl -1-decalol  (XXVII)  with  peracetic  acid  produced  a  mixture  of  isomeric  cis -1 -hydroxy - 
decalyl-1 -ethylene  oxides,  from  which  we  isolated  the  individual  cis-glycidols  (XXX)  with  m.p.  90-91*  and  (XXXI) 
with  m.p.  100-101*  in  a  ratio  of  1  :  1  by  fractional  crystallization  from  isooctane. 

Thus,  oxidation  of  the  vinyl  alcohols  of  the  trans -decalin  series  (XXV)  and  (XXVI)  proceeded  stereospeciflcally 
and  led,  in  each  case,  to  the  formation  of  only  one  glycidol,  while  oxidation  of  the  vinyl  alcohol  of  the  cis-decalln 
series  (XXVII)  was  not  stereospecific  and  gave  both  possible  stereoisomers  of  the  glycidol  in  equal  amounts. 


2229 


1 


When  treated  with  dilute  acetic  acid,  the  cis-glycldols  (XXX)  and  (XXXI)  formed  the  cis-triols  (XXXII)  with 
m.p.  115-117*  and  (XXIV)  with  m.p.  109-111*.  As  mentioned  above,  the  latter  was  also  obtained  by  reducing  the 
methyl  ester  of  cis-1-hydroxydecaIylgIycoIic  acid  (XIX)  with  lithium  aluminum  hydride.  Thus,  using  the  dibromo- 
ketol  and  the  glycidol  methods,  we  were  able  to  synthesize  all  six  theoretically  possible  stereoisomers  of  the  cls- 
and  trans-l-hydroxydecalylglycols  (XX)  -  (XXIV)  and  (XXXII),  corresponding  to  the  1-ethynyl-l-decalols  (I)  -  (III), 

Boiling  the  trans-glycidols  (XXVIII)  and  (XXIX)  with  excess  acetic  anhydride  formed  the  triacetates  (XXXIII) 
and  (XXXIV),  which  were  hydrolyzed  with  potassium  hydroxide  in  aqueous  methanol  to  form  the  trlols  (XX)  and 
(XXIII)  described  above. 
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In  order  to  determine  the  configuration  of  the  hydroxyls  in  the  side  chain,  attempts  were  made  to  prepare 
acetonates  [7]  of  the  1-hydroxydecalylglycolic  acids.  However,  it  was  only  possible  to  obtain  an  acetonate  (XXXV) 
from  acid  (VIII),  indicating,  in  all  probability,  that  the  hydroxyl  groups  in  this  acid  were  sterically  adjacent. 

COOH 
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Hydrogenation  of  the  acetates  of  the  acetylenyl  alcohols  (IV)-(VI)  with  palladium  on  calcium  carbonate 
yielded  the  acetates  of  the  corresponding  1-vinyldecalols  (XXXVI)-(XXXVIII),  which  behaved  differently  towards 
hypobromous  acid. 

The  acetate  (XXXVII)  smoothly  added  one  molecule  of  hypobromous  acid  to  form  the  crystalline  acetate 
of  the  bromohydrin  (XXXIX),  while,  under  these  conditions,  the  acetate  (XXXVI)  formed  an  oil,  which  decomposed 
on  vacuum  distillation.  When  the  acetate  of  cis-l-vinyl-l-decalol  (XXXVIII)  was  reacted  with  hypobromous  acid, 
the  main  product  isolated  was  trans-a-decalone  (XL)  and  only  minute  amounts  of  a  crystalline  substance  were 
formed  and  this  was  close  in  analysis  to  the  acetate  of  the  bromohydrin  (XLI).  Many  attempts  to  oxidize  the  bromo¬ 
hydrin  (XXXIX)  into  the  corresponding  a-bromoketol  (XLII)  and  to  substitute  the  bromine  in  it  by  a  hydroxyl  or 
an  acetoxyl  group  were  unusccessful:  in  all  cases,  the  bromohydrin  (XXXIX)  was  recovered  from  the  reaction  un¬ 
changed. 
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Thus,  the  great  steric  hindrance  of  the  side  chain  in  trans-l-ethynyl-l-decalol  (II)  in  comparison  with  the 
acetylenyl  alcohol  (I),  which  was  noted  previously  [1]  and  appears  for  example  in  hydration  reactions,  was  further 
confirmed  in  the  present  work.  This  appeared  as  greater  hindrance  to  saponification  of  the  acetate  of  the  dibromo- 
ketol  (XII),  in  the  inability  of  the  dihydroxyacids  (XIII)  and  (XIV)  to  form  acetonates,  worse  results  in  the  oxidation 
of  the  vinyl  alcohol  (XXVI)  into  the  glycidol  (XXIX)  and, finally,  in  the  impossibility  of  oxidizing  the  hydroxyl 
group  in  bromohydrin  (XXXIX)  and  substituting  the  bromine  atom  in  it  by  a  hydroxyl  or  an  acetoxyl  group. 

EXPERIMENTAL 

The  starting  1-ethynyl-l-decalols  (X)  (b.p.  86-87*  at  1  mm,  n**'^D  1.5033),  (II)  (m.p.  54-55*)  and  (lU) 

(m.p.  55-56*)  were  prepared  by  condensation  of  trans-  and  cis-a-decalones  with  sodium  acetylide  in  liquid  am¬ 
monia  solution,  as  described  in  [1].  Boiling  the  acetylenyl  alcohols  (I)-(III)  with  excess  acetic  anhydride  [6]  yielded 
the  corresponding  acetates:  (IV)  (m.p,  79-80*),  (V)  (b.p.  106-108*  at  2  mm,  n*®-^  1.4940)  and  (VI)  (m.p.  65-67*) 
[1]. 

Addition  of  hypobromous  acid  to  the  acetate  of  trans-l-ethynyl-l-decalol  (IV).  2  ml  of  a  glacial,  acetic 
acid  and  1.5  g  of  sodium  acetate  was  added  to  a  mixture  of  2.3  g  of  acetamide,  6  ml  of  water,  2.5  g  of  chalk  and 
3.6  g  of  bromine.  A  solution  of  1,4  g  of  acetate  (IV)  (m.p.  79-80*)  in  17  ml  of  trimethylcarbinol  was  added  rapidly 
with  stirring  to  the  solution  of  N-bromoacetamide  obtained.  The  mixture  warmed  up  slightly.  The  reaction  mix¬ 
ture  was  cooled  to  20*  and  stirred  at  this  temperature  for  2.5  hours.  The  crystalline  precipitate  was  separated  and 
recrystallized  from  isooctane.  We  obtained  2.3  g  (92%)  of  the  acetate  of  trans-l-dibromoacetyl-l-decalol  (VII) 
with  m.p.  92-93*  [2]. 

Addition  of  hypobromous  acid  to  the  acetate  of  trans-l-ethynyl-l-decalol  (V>.  By  the  method  described 
above,  from  5  g  of  acetate  (b.p.  104-106*  at  2  mm,  n*®*^  1.4940),  we  obtained  7.6  g  (85%)  of  the  acetate  of 
trans-l-dibromoacetyl-l-decalol  (XII)  as  an  oil  with  n*®D  1.5278,  which  decomposed  on  distillation  in  vacuum  and 
was  used  for  saponification  without  further  purification  (see  below). 

Saponification  of  the  acetate  of  trans-l-dibromoacetyl-l-decalol  (VII).  A  solution  of  2  g  of  dibromoketol 
(VII)  (m.p.  92-93*)  in  10  ml  of  trimethylcarbinol  was  poured  into  a  hot  solution  of  1.3  g  of  barium  hydroxide  in 
10  ml  of  water  and  the  mixture  boiled  for  5  hours.  When  the  mixture  had  been  cooled,  the  precipitate  was  filtered 
off  and  recrystallized  from  isooctane  to  yield  0.4  g  of  the  starting  acetate  of  the  dibromoketol  (m.p.  92-93*);  the 
aqueous  layer  was  acidified  with  dilute  hydrochloric  acid,  carefully  extracted  with  ether  and  the  ether  solution 
dried  with  magnesium  sulfate.  After  removing  the  solvent  we  obtained  0.45  g  (50%)  of  crystals  with  m.p.  157-160*, 
which  were  a  mixture  of  the  isomeric  trans-l-hydroxydecalylglycolic  acids  and  separation  of  these  by  fractional 
crystallization  from  a  mixture  of  n-heptane  and  acetone  gave  die  two  individual  stereoisomeric  acids  (VIII)  and 
(IX)  in  the  ratio  1  ;  2.  The  acid  (VIII)  melted  at  190-191*. 
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Found  %;  C  62.90,  63.16;  H  8.82,  8.81.  CuHjoO^.  Calculated  C  63.12;  H  8.84. 

The  acid  (IX)  melted  at  164-165*. 

Found  %  C  62.98;  63.16;  H  8.97,  8.94.  C12H20O4.  Calculated  C  63.12;  H  8.84. 

Treatment  of  acids  (VIII)  and  (IX)  with  an  ether  solution  of  diazomethane  gave  a  quantitative  yield  of  their 
methyl  esters,  which  formed  colorless  crystals.  Acid  (VIII)  gave  ester  (X)  with  m.p.  124-124,5*  (from  isooctane). 

Found  C  64,28,  64.23;  H  9.04,  9.04.  CisH2204.  Calculated  %:  C  64.44;  H  9.15. 

Acid  (IX)  gave  ester  (XI)  with  m.p.  88-89*  (from  isooctane). 

Found  C  64.11,  64.00;  H  9.02,  9.11.  Ci3H2204.  Calculated  C  64.44;  H  9.15. 

Saix?nification  of  the  acetate  of  trans-l-dibromoacetyl-l-decalol  (XII).  A  solution  of  2  g  of  dibromoketol 
(XII)  (n^^D  1.5278)  in  10  ml  of  trimethylcarbinol  was  saponified  with  barium  hydroxide  as  described  in  the  previous 
experiment.  We  thus  obtained  0.5  g  (55*70)  of  a  mixmre  of  isomeric  trans-l-hydroxydecalylglycolic  acids  and 
separation  of  this  by  fractional  crystallization  from  a  mixture  of  n-heptane  and  acetone  gave  two  individual  stereo- 
isomeric  acids  (XIII)  and  (XIV)  in  a  ratio  of  1  ;  1 .  The  acid  (XIII)  melted  at  138-139*. 

Found  %r.  C  63.49,  63.20;  H  8.99,  8.86.  CuHj,P4.  Calculated  C  63.12;  H  8.84. 

Acid  (XIV)  had  m.p.  175-175.5*. 

Found  <7r.  C  63.20,  63.40;  H  8.79,  8.89.  C12H20O4.  Calculated  C  63.12;  H  8.84. 

When  treated  with  an  ether  solution  of  diazomethane,  the  hydroxydecalylglycolic  acids  isolated  readily 
formed  their  methyl  esters.  Acid  (XIII)  gave  colorless  crystals  of  ester  (XV)  with  m.p.  123-124*  (from  isooctane). 

Found  °]ai  C  64.37,  64.34;  H  9.09,  9.22.  C1SH22O4.  Calculated  <7«  C  64.44;  H  9.15. 

Acid  (XIV)  gave  ester  (XVI)  as  colorless  crystals  with  m.p.  108-109*  (from  isooctane). 

Found  C  64.44,  64.24;  H  9.24,  9.17.  C1SH22O4.  Calculated  C  64.44;  H  9.15. 

A  mixture  of  esters  (X)  and  (XV)  melted  at  100-102*. 

Addition  of  hypobromous  acid  to  the  acetateof  cis-l-etfaynyl-l-decalol  (VI).-  The  addition  of  hypobromous 
acid  to  2  g  of  acetate  (VD  (m.p.  65-67*)  by  the  method  described  above,  yielded  3  g  (85.7*70)  of  the  acetate  of 
cis-l-dibromoacetyl-l-decalol  (XVII),  as  coarse,  clear  crystals  with  m.p.  90-91*  (from  isooctane). 

Found  °h.  C  42.55,  42.43;  H  5.07,  5.04;  Br  40,56,  40.58.  Ci4H2o03Br2.  Calculated  *7o:  C  42.44;  H  5.01; 

Br  40.35. 

Saponification  of  the  acetate  bf  cis-l-dibromoacetyl-l-decalol  (XVII),  A  solution  of  2  g  of  the  dibromo- 
ketol  (XVII)  (m.p.  90-91*)  in  20  ml  of  trimethylcarbinol  and  20  ml  of  dioxane  was  poured  into  a  hot  solution  of 
3  g  of  barium  hydroxide  in  25  ml  of  water.  The  mixture  was  boiled  for  4  hours  at  86*,  acidified  with  5  ml  of  dilute 
hydrochloric  acid  and  carefully  extracted  with  ether  and  the  ether  solution  dried  with  magnesium  sulfate.  We  ob¬ 
tained  0,6  g  (50*5fc)  of  cis-l-hydroxydecalylglycollc  acid  (XVIII)  as  colorless  crystals  with  m.p.  155-156*  (from  a 
mixture  of  isooctan'e  and  dioxane). 

Found  *7»:  C  63.25,  63.37;  H  8.80,  8.89.  Ci2H3o04.  Calculated  *7o:  C  63.12;  H  8.84. 

The  methyl  ester  (XIX),  obtained  by  treating  acid  (XVIII)  with  an  ether  solution  of  diazomethane,  formed 
colorless  crystals  widi  m.p.  100-101*  (from  isooctane). 

Found  *5t»:  C  64.44,  64.24;  H  9.24,  9.17.  C13H22O4.  Calculated  C  64.44;  H  9,15. 

Reduction  of  trans-l-hydroxydecalylglycolic  esters  with  lithium  aluminum  hydride,  a)  A  solution  of  100  mg 
of  ester  (X)  (m.p.  124-124.5*)  in  20  ml  of  ether  was  added  to  a  solution  of  1.5  g  of  LiAlH4  in  100  ml  of  absolute 
ether  at  such  a  rate  that  die  mixture  boiled  evenly.  The  mixture  was  then  stirred  for  10  hours  at  20*  and  10  hours 
at  the  boiling  point  of  ether.  The  excess  lithium  aluminum  hydride  was  destroyed  at  20*  with  5  ml  of  ethyl  acetate 
and  then  25  ml  of  5*7>  sulfuric  acid.  The  ether  layer  was  separated,  the  aqueous  layer  carefully  extracted  with 
ether  and  the  ether  extracts  dried  with  magnesium  sulfate.  After  removing  the  solvent,  we  obtained  65  mg  (68.4*7») 
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of  trans-l-hydroxydecalylglycol  (XX)  as  colorless  crystals  with  m.p.  117-118*  (from  a  mixture  of  ethyl  acetate 
and  isooctane). 

Found  %  C  67.54,  67.40;  H  10.32,  10.40.  CjjHjPs.  Calculated  C  67.20;  H  10.34. 

b)  Under  the  same  conditions.  200  mg  of  ester  (XI)  (m.p.  88-89*)  yielded  150  mg  (79%)  of  trans -1 -hydroxy - 

decalylglycol  (XXI)  as  colorless  crystals  with  m.p.  119-120*  (from  a  mixture  of  ethyl  acetate  and  isooctane). 

Found  %:  C  67.39,  67.54;  H  10.46,  10.38.  C12H22O3.  Calculated  %  C  67.20;  H  10.34. 

A  mixture  of  these  triols  melted  at  99-103*. 

c)  Reduction  of  100  mg  of  ester  (XV)  (m.p.  123-124*)  with  LiAlH^  produced  60  mg  (63%)  of  trans-1 -hydroxy - 
decalylglycol  (XXII)  as  colorless  crystals  with  m.p.  92-93*  (from  a  mixture  of  isooctane  and  ethyl  acetate). 

Found  %;  C  67.30;  67.51;  H  10.30,  10.31.  C12H22O3.  Calculated  %:  C  67.20;  H  10.34. 

d)  Reduction  of  250  mg  of  ester  (XVI)  (m.p.  108-109*)  with  lithium  aluminum  hydride  yielded  200  mg 
(84.3%)  of  trans-l-hydroxydecalylglycol  (XXIII)  as  colorless  crystals  with  m.p.  158-159*  (from  a  mixture  of  ethyl 
acetate  and  isooctane). 

Found  %;  C  67.55,  67.39;  H  10.33,  10.44.  C12H22O3.  Calculated  %:  C  67.20j  H  10.34. 

Reduction  of  the  ester  of  els -1-hydroxydecalylgly colic  acid  (XIX)  with  lithium  aluminum  hydride.  When 
200  mg  of  the  ester  (XIX)  (m.p.  100-101*)  was  reduced  with  a  four -fold  excess  of  lithium  aluminum  hydride  we 
obtained  120  mg  of  cis-l-hydroxydecalylglycol  (XXIV)  as  colorless  crystals  with  m.p.  109-111*  (from  isooctane). 

Found  %:  C  67.46,  67.53;  H  10.21,  10.34;  Ci2H2203.  Calculated  %:  C  67,20;  H  10.34. 

Hydrogenation  of  trans -1-ethynyl-l-decalols.  a)  A  solution  of  7.5  g  of  the  acetylenyl  alcohol  (I)  (b.p. 

86-87*  at  1  mm,  n^^'^D  1.5033)  in  50  ml  of  ethanol  was  hydrogenated  over  palladium  on  calcium  carbonate  until 

1100  ml  of  hydrogen  (at  748  mm  and  28*)  had  been  absorbed.  We  obulned  6,5  g  (86.6%)  of  trans-1 -vinyl -1-decalol  “ 

(XXV)  as  a  colorless  liquid, 

B.p.  73.5"  (1  mm),  n“-®D  1.5010;  y  996,  1005,  1015,  1027,  1143  and  1162  cm'\ 

b)  Under  the  same  conditions,  from  6  g  of  the  acetylenyl  alcohol  (II)  (m.p,  54-55*)  we  obtained  5.1  g  (85%) 
of  trans-l-vinyl-l-decalol  (XXVI)  as  a  colorless  liquid. 

B.  p.  80*  (1  mm),  n^D  1.5050,  d*®^  0.9952,  MRd  53.84;  calc.  54.27. 

V  992,  1012,  1089,  1102,  1141  and  1160  cm"^. 

Found  %;  C  80.17,  79.96;  H  11.26,  11.32.  C12H20O.  Calculated  %;  C  79.93;  H  11.18. 

Hydrogenation  of  cls-1-ethynyl-l-decalol  (III),  A  solution  of  7.5  g  of  cis -acetylenyl  alcohol  (III)  (m.p.  55-56*) 
in  30  ml  of  ethanol  was  hydrogenated  over  palladium  on  calcium  carbonate  until  1100  ml  of  hydrogen  (at  718  mm, 

23*)  had  been  absorbed.  We  obtained  6.75  g  (90%)  of  cls-1-vinyl-l-decalol  (XXVII)  as  a  colorless  liquid. 

B.  p.  85-87*  (1  mm).  n*°D  1.5098,  d*°4  1.0019,  MRp  54.00;  calc.  54.27. 

Found  %;  C  79.94,  80.02;  H  11.44,  11.40.  C12H20O.  Calculated  %:  C  79.93;  H  11.18. 

Oxidation  of  ttans-l-vinyl-l-decalols  with  peracetic  acid,  a)  To  a  solution  of  4.5  g  of  the  vinyl  alcohol 
(XXV)  (b.p.  73.5*  at  1  mm,  n^-‘^D  1.5010)  in  50  ml  of  chloroform  was  added  4.5  g  of  98%  peracetic  acid  and  the 
mixture  kept  for  48  hours  at  20*.  The  chloroform  layer  was  then  separated,  washed  twice  with  sodium  bicarbonate 
solution  and  dried  with  magnesium  sulfate.  After  removing  the  solvent,  we  obtained  4,3  g  (93%)  of  the  trans- 
-glycidol  (XXVIII),  which  crystallized  as  lustrous,  colorless,  fine  platelets  with  m.p.  116-117*  (from  isooctane). 

Found  %;  C  73.35,  73.43;  H  10.27,  10.29.  C^HioOz.  Calculated  %:  C  73.42;  H  10.27. 

b)  Under  the  same  conditions  4.5  g  of  the  vinyl  alcohol  (XXIV)  (b.p.  80*  at  1  mm,  n*®D  1.5050)  yielded 
4.5  g  of  an  oil,  from  which  we  isolated  3.1  g  (75%)*  of  the  trans -glycidol  (XXIX),  which  formed  coarse,  trans¬ 
parent  crystals  with  m.p.  112-114*  (from  isooctane). 

*  TTie  yield  given  is  calculated  on  the  vinyldecalol,  which  reacted. 
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Found  C  73.48,  73.41;  H  10.24,  10.16.  C^HjoGj.  Calculated  C  73.42;  H  10.27. 

Chromatography  of  1  g  of  the  mother  liquor  on  aluminum  oxide  yielded  0.7  g  of  the  starting  vlnyldecalol  ( 

(XXVI).  n*^D  1.5056. 

A  mixture  of  these  two  trans-glycldols  melted  at  85-87*.* 

Oxidation  of  cls-l-vlnyl-l-decalol  (XXVII)  with  peracetic  acid.  To  a  solution  of  6  g  of  the  vinyl  alcohbl 
(XXVII)  (b.p.  85-87*  at  1  mm,  n  D  1.5098)  In  50  ml  of  chloroform  was  added  7  ml  of  90<5!>  peracetic  acid  and  the 
mixture  kept  at  20*  for  48  hours.  The  mixture  was  then  washed  with  water  and  twice  with  sodium  bicarbonate  so¬ 
lution  and  the  chloroform  solution  dried  with  magnesium  sulfate.  After  removing  the  solvent,  we  obtained  3  g 
(50%)  of  a  mixture  of  Isomeric  cls-glycldols  with  m.p.  63-67*  and  fractional  crystallization  of  this  from  Isooctane 
gave  two  Individual  stereoisomeric  glycidols  (XXX)  and  (XXXI)  in  the  ratio  1  :  1.  Glycidol  (XXX)  crystallized  in 
the  form  of  right  tetrahedra  with  m.p.  90-91*. 

Found  %:  C  73.39,  73.38;  H  10.21,  10.18.  CijHjoO,.  Calculated  %:  C  73.42;  H  10.27. 

Glycidol  (XXXI)  crystallized  in  the  form  of  prisms  with  m.p.  100-101*. 

Found  %:  C  73.22,  73.30;  H  10.15,  10.20.  C^HjoGj.  Calculated  %;  C  73.42;  H  10.27. 

A  mixture  of  cis -glycidols  (XXX)  and  (XXXI)  melted  at  67-68*. 

0 

Hydrolysis  of  trans-glycldols  (XXVIII)  and  (XXIX).  a)  A  solution  of  300  mg  of  glycidol  (XXVIII)  (m.p.  J 

116- 117*)  In  10  ml  of  dloxane  was  added  to  a  solution  of  6  ml  of  glacial  acetic  acid  In  25  ml  of  water  and  the  I 

mixture  boiled  for  4  hours.  The  cooled  mixture  was  neutralized  with  soda  solution  and  extracted  with  ether  and  I 

the  ether  extract  dried  with  magnesium  sulfate.  Removal  of  the  ether  and  recrystalllzatlon  of  the  residue  from  a  I 

mixture  of  ethyl  acetate  and  isooctane  yielded  210  mg  (64%)  of  trans-l-hydroxydecalylglycol  (XX)  with  m.p.  h 

117- 118*,  undepressed  by  the  sample  described  above,  prepared  by  reducing  ester  (X)  with  LIAIH^.  I 

b)  Under  the  same  conditions,  500  mg  of  glycidol  (XXIX)  (m.p.  112-114*)  yielded  400  mg  (75%)  of  trans-  a 

-1-hydroxydecalylglycol  (XXIII)  (m.p.  156-158*),  undepressed  by  the  sample  prepared  by  reducing  the  methyl 
ester  (XVI)  with  lithium  aluminum  hydride. 

Hydrolysis  of  cis-l-hydroxydecalylethylene  oxides  (XXX)  and  (XXXI).  a)  A  solution  of  300  mg  of  glycidol 
(XXX)  (m.p.  90-91*)  in  8  ml  of  trimethylcarbinol  was  poured  into  a  hot  solution  of  25  ml  of  acetic  acid  in  25  ml 

of  water  and  the  mixture  boiled  for  5  hours  at  86*.  The  mixture  was  neutralized  with  soda  solution  and  extracted 

three  times  widt  ether  and  the  ether  solution  dried  with  magnesium  sulfate.  We  obtained  190  mg  (60%)  of  cis-1- 
-hydroxydecalylglycol  (XXXII)  as  colorless  crystals  with  m.p.  115-117*  (from  isooctane). 

Found  %:  C  67.38,  67.31;  H  10.30,  10.29.  CttH22G8.  Calculated  %:  C  67.20;  H  10.34. 

A  mixture  with  original  glycidol  (m.p.  90-91*)  melted  at  73-75*. 

b)  Under  the  same  conditions,  300  mg  of  glycidol  (XXXI)  (m.p.  100-101*)  gave  190  mg  (60%)  of  the  trlol 
(XIX)  with  m.p.  109-111*,  undepressed  by  the  sample  obtained  by  reducing  cis-l-hydroxydecalylglycolic  ester 
(XIX)  with  LiAlH4.  A  mixture  of  triol  (XXIV)  and  the  original  glycidol  (XXXI)  melted  at  82-85*.  Mixtures  of 
trlol  (XXIV)  with  cis-glycidol  (XXX)  and  with  cis-triol  (XXXII)  melted  at  81-85*  and  73-75*,  respectively. 

Preparation  of  triacetates  of  trans-triols  (XX)  and  (XXIII).  a)  A  solution  of  1.7  g  of  trans -glycidol  (XXVIII) 

(m.p.  116-117*)  in  10  ml  of  acetic  anhydride  was  boiled  under  reflux  for  6  hours  in  the  presence  of  0.1  g  of  potassium 
acetate.  After  removal  of  the  excess  acetic  anhydride,  the  residue  was  diluted  with  ether  and  the  potassium  acetate 
filtered  off;  the  edier  extract  was  washed  with  soda  solution  and  dried  with  magnesium  sulfate.  After  removal  of 
the  etfier,  the  residue  was  vacuum-distilled.  We  obtained  1.8  g  (62%)  of  the  triacetate  of  the  trans-triol  (XXXIII) 
as  a  very  viscous,  colorless  oil.  The  b.p.  was  140-144*  (1  mm),  n**D  1.4782. 

Found  %;  C  63.80,  63.80;  H  8.49,  8.39.  CigHjgGe.  Calculated  %;  C  63.51;  H  8.29. 


•Gxidation  of  the  crude  mixture  of  trans -1 -vinyl -1-decalols  with  peracetic  acid  gave  a  90% yield  of  a  mixture  of 
trans-glycidob  with  m.p.  86-89*,  which  were  fractionally  crystallized  from  isooctane  to  isolate  the  same  individual 
glycidols;  (XXVni)  (m.p.  116-117*)  and  (XXIX)  (m.p.  112-114*)  in  the  ratio  5  ;_4. 
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when  the  triacetate  obtained  (XXXIII)  was  shaken  with  potassium  hydroxide  in  aqueous  methanol  for  4  hours, 
we  obtained  a  quantitative  yield  of  the  trans-triol  (XX)  (m.p.  119-119.5*),  undepressed  by  the  samples  obtained  by 
hydrolysis  of  the  glycidol  (XXVIII)  and  reduction  of  ester  of  the  glyceric  acid  (X).  A  mixture  with  the  original 
trans-glycidol  (XXVIII)  melted  at  93-100*, 

b)  Under  the  same  conditions,  the  trans-glycidol  (XXIX)  (m.p.  112-114*)  yielded  the  triacetate  of  the  trans- 
-triol  (XXXIV),  which,  without  isolation  in  a  pure  form,  was  saponified  into  the  trans-triol  (XXIII)  with  m.p.  155- 
-156*,  obtained  previously. 

Preparation  of  acetonate  of  trans-1 -hydroxy decalylgly colic  acid  (VIII).  A  solution  of  50  mg  of  the  acid 
(VIII)  (m.p.  190-191*)  in  7  ml  of  anhydrous  acetone  was  shaken  for  40  hours  in  the  presence  of  300  mg  of  anhydrous 
copper  sulfate.  The  inorganic  precipitate  was  filtered  off,  the  acetone  removed  in  vacuum  and  the  residue  heated 
on  a  boiling  water  bath  for  15  minutes  at  1  mm.  We  obtained  30  mg  of  the  acetonate  of  trans-1 -hydroxydecalyl - 
glycolic  acid  (XXXV)  as  colorless  crystals  with  m.p.  124-125*  (from  isooctane). 

Found  %:  C  67.33;  H  9.15.  Ci5Hj,^4.  Calculated  <7o;  C  67.13;  H  9.02. 

Hydrogenation  of  acetates  of  trans-l-ethynyl-l-decalols.  a)  A  solution  of  4.4  g  of  acetate  (IV)  (m.p.  79-80*) 
in  a  mixture  of  25  ml  of  alcohol  and  5  ml  of  dioxane  was  hydrogenated  over  a  palladium  catalyst  until  one  mole 
of  hydrogen  had  been  absorbed  (739  mm,  18*).  We  obtained  3.25  g  (75*70)  of  the  acetate  of  trans-l-vinyl-l-decalol 
(XXXVI)  as  a  colorless  liquid. 

B.  p.  100-102*  (3  mm),  n“-®D  1.4815. 

Found  <7o:  C  75.82,  75.74;  H  10.12,  10.05.  Calculated  C  75,62;  H  9.97. 

b)  Under  the  same  conditions,  14.2  g  of  acetate  (V)  (b.p.  104-106*  at  2  mm,  n*®*®D  1,4940)  yielded  11.75  g 
(83*70)  of  the  acetate  of  trans-l-vinyl-l-decalol  (XXXVII)  as  a  colorless  liquid. 

B.  p,  102-104*  (3  mm),  n“-®D  1.4882,  d*°4  1.0042,  MRjj  63.63;  calc.  63.52. 

Found  <7o:  C  75.86,  75.87;  H  10.37,  10.32.  Ci4Hj202.  Calculated  <7o:  C  75.62;  H  9.97, 

Addition  of  hypobromous  acid  to  the  acetates  of  trans-l-vinyl-l-decalols.  a)  To  a  solution  of  N-bromo- 
acetamide,  prepared  from  10  g  of  acetamide  and  14  g  of  bromine  in  40  ml  of  water,  was  added  10  g  of  sodium 
acetate  and  10  ml  of  acetic  acid,  followed  by  10  g  of  acetate  (XXXVII)  (b.p.  102-104*  at  3  mm,  n^®-®D  1.4882), 

The  mixture  was  stirred  for  1.5  hours,  the  precipitated  product  separated  from  the  aqueous  layer  and  dissolved  in 
ether  and  the  solution  washed  with  sodium  bicarbonate  and  dried  with  magnesium  sulfate.  After  removal  of  the 
solvent,  we  isolated  3,35  g  of  the  acetate  of  trans-l-(l’-hydroxy-2-bromoethyl)-l-decalol  (XXXIX)  as  colorless 
needles  with  m.p.  140-141*  (from  isooctane). 

Found  <7o:  C  52.49,  52.49;  H  7.29,  7.30;  Br  25.43,  25.18.  Ci4H2303  Br,  Calculated  %:  C  52.67;  H  7.26; 

Br  25.31. 

b)  By  treating  acetate  (XXXVI)  (b.p.  100-102*  at  3  mm.  n^®-®D  1.4815)  similarly,  we  obtained  a  viscous  oil 
with  n^®‘®D  1.530,  which  decomposed  on  vacuum- distillation. 

Hydrogenation  of  the  acetate  of  cis-l-ethynyl-l-decalol  (VI),  A  solution  of  4.8  g  of  acetate  (VI)  (m.p. 
65-67*)  in  25  ml  of  alcohol  was  hydrogenated  over  palladium  on  calcium  carbonate  until  one  mole  of  hydrogen 
had  been  absorbed  (749.5  mm,  20").  We  obtained  3,8  g  (80*7o)  of  the  acetate  of  cis-l-vinyl-l-decalol  (XXXVIII) 
as  a  colorless  liquid. 

B.  p.  97-99"  at  1  mm,  n®®D  1.4862,  d®®4  1.0110.  MBp  63.16;  calc.  63.52. 

Found  7o;  C  75.13.  75.28;  H  10.62,  10.66.  C14H22O2,  Calculated  %  C  75.62;  H  9.97. 

Reaction  of  the  acetate  of  cis-l-vinyl-l-decalol  (XXXVllI)  with  hypobromous  acid.  When  3.3  g  of  the 
acetate  (XXXVIII)  (b.p.  97-99*  at  1  mm ,  n*“D  1.4862)  was  treated  with  an  aqueous  solution  of  N-bromoacetamide, 
we  isolated  1  g  of  trans-ct-decalone  (XL)  (m.p.  32-33*)  and  0.5  g  of  a  bromine -containing  substance  with  m.p. 
137-139*,  whose  analysis  was  close  to  that  of  the  acetate  of  cis-l-(l*-hydroxy-2-bromoethyl)-l-decalone  (XL). 


2235 


SUMMARY 


A  study  was  made  of  the  dibromoketol  and  glycldol  methods  of  introducing  glycerol  and  dihydroxycarboxylic 
acid  side  chains  into  the  molecules  of  cis-  and  trans-a-decalones.  Six  stereoisomers  of  trans-  and  cis -1 -hydroxy - 
decalylglycol  (erythro  —  threo-isomerism),  four  isomeric  1-hydroxydecalylethylene  oxides  (erythro  —  threo-isomerism) 
and  five  stereoisomeric  1-hydroxydecalyglycolic  acids  (erythro  —  threo-isomerism)  of  the  trans-decalin  series  were 
isolated. 
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SYNTHESIS  AND  TRANSFORMATIONS  OF  CIS-  AND  TR  A  N  S  -  1  -  ET  H  YN  Y  L - 


-1-DECALOLS 

I.N.  Nazarov,  G.  V.  Aleksandrova  and  A.  A.  Akhrem 


In  recent  years,  chemists  of  many  countries  have  become  interested  in  the  synthesis  of  simple  analogs  of 
steroid  hormones  and,  in  particular,  of  corticosteroids.  Papers  in  this  field  have  been  published  on  derivatives 
of  cyclohexane  [1-3],  methylcyclohexane  [4,  5],  cyclopentane  [6],  perhydroindane  and  decalin  [7,  8],  dealing  with 
methods  of  introducing  dihydroxyacetonyl  and  glyceryl  side  chains,  which  are  characteristic  of  natural  corticoid 
hormones.  In  a  number  of  cases  compounds  were  obtained  which  showed  considerable  corticoid  activity  [5,  9,  10]. 

In  this  connection.  Interest  was  aroused  in  a  detailed  investigation  of  the  condensation  of  cis-  and  trans-a-decalones 
with  acetylene,  with  the  object  of  using  the  resulting  acetylenic  alcohols  for  introducing  oxygen -containing  side 
chains  into  the  decalin  nucleus,  by  the  method  developed  in  our  laboratories  [11]. 

The  condensation  of  trans-a-decalone  (I)  with  acetylene  was  carried  out  in  the  presence  of  powdered  caustic 
potash  under  pressure  [12]  and  in  solution  in  liquid  ammonia  in  the  presence  of  sodium  [13].  In  the  latter  case,  a 
90‘7o  yield  was  obtained  of  a  mixture  of  isomeric  trans-l-ethynyl-l-decalols,  from  which,  by  freezing  out  at  “  70* 
and  chromatography  of  the  residue  on  alumina,  the  epimeric  trans-l-ethynyl-l-decalols  (II)  and  (III)  were  isolated 
in  Ae  ratio  of  1  ;  2. 


C=CH(e) 


It  is  well  known  that  cis-a-decalone  readily  isomerizes  under  the  influence  of  acid  or  alkali  to  trans-a- 
-decalone  [14,  15],  so  it  was  reasoned  Aat  it  would  be  impossible  to  obtain  Ae  cis-l-eAynyl-l-decalols  in 
Ae  strongly  alkaline  conditions  of  acetylenic  synAesis  by  A.  E.  Favorskii's  meAod.  But,  by  carrying  out  Ae  re¬ 
action  of  cis-ct-decalone  (IV)  wiA  sodium  acetylide  in  solution  in  liquid  ammonia,  it  was  found  that  Ae  con¬ 
densation  wiA  acetylene  successfully  competed  wiA  Ae  isomerization  reaction,  and  anovei-all  60%  yield  of  cis- 
-1-ethynyl-l-decalol  (V)  was  obtained. 

C  =  CH  (a> 

(a)H  ^QH  (e) 

CD 


(1)  hydrolysi! 


H 

(IV) 


Ho) 

(V) 


Only  about  10<ifcof  the  cis-a-decalone  (IV)  was  isomerized  and  recovered  in  the  form  of  trans-ot-decalone 

(I). 

The  fact  that  trans-a-decalone,  and  not  the  trans- acetylenic  alcohol,  was  recovered  from  the  reaction  mix¬ 
ture  conflicts  with  the  enol  mechanism  for  the  acetylenic  synthesis  and  again  supports  the  correctness  of  the  metal- 
organic  mechanism  for  this  reaction  [12].  The  sterically  selective  course  of  the  acetylenic  synthesis  in  the  case  of 
cis-a-decalone,  with  the  formation  of  only  one  cis-l-ethynyl-decalol  (V),  is  in  agreement  with  the  results  of  the 
previously  described  addition  reactions  to  the  carboxyl  group  of  cis-a-decalone  [16]. 

It  is  now  generally  accepted  that  the  conformation  of  cis-  and  trans-decalins  is  determined  by  the  conjunction 
of  the  two  cyclohexane  rings  in  the  form  of  a  "chair*  [17],  in  which  there  are  two  geometrically  non -equivalent 
forms  of  bonds  between  carbon  atoms  and  substituents,  occupying  equatorial  (e)  or  axial  (a)  positions  [18],  Correspond 
ing  to  this,  the  conformations  of  the  three  isomeric-l-ethyl-l-decalols  (II),  (III)  and  (V)  obtained  by  us  can  be  re¬ 
presented  by  the  following  models; 


It  is  known  from  the  literature  that  the  esterifieation  of  compounds  with  axially  disposed  hydroxyl  groups, 
and  the  hydrolysis  of  the  corresponding  esters,  are  more  difficult  sterically  than  the  corresponding  reactions  of  com¬ 
pounds  containing  equatorially  disposed  hydroxyl  groups.  For  example,  the  acid  phthalates,  obtained  from  trans - 
-a-  and  trans-6 -decalols  [19,  20],  with  equatorial  alcoholic  groups,  hydrolyze  19  and  7  times,  respectively, more 
quickly  than  the  esters  of  the  epimeric  decalols  with  axial  hydroxyl  groups. 

Acetylation,  with  acetic  anhydride  [21],  of  the  1-ethynyl-l-decalols  (II),  (III)  and  (V)  gave  high  yields  of  the 
corresponding  acetates  (VI)-(VIII) 


<X^OC0CH,(e) 


UJ 

(a).H 

(VI) 


CD 


(a)H 


(VII) 


UJ 

(e)H 


(VIII) 


V^hen  comparative  experiments  were  carried  out  on  the  rates  of  hydration  of  the  acetylenic  alcohols  (II), 

(III)  and  (V),  in  aqueous  methanol  in  the  presence  of  mercuric  sulfate,  it  was  found  that  III,  with  the  least-screened 
ethylidene  group,  was  completely  hydrolyzed  even  at  20"  after  10  hours,  giving  an  80%  yield  of  trans-l-acetyl-1- 
-decalol  (IX);  the  end  of  the  reaction  was  shown  by  a  negative  reaction  for  acetylenic  hydrogen  with  AgNOs  and 
NH3  .  Under  the  same  conditions,  the  hydration  of  II,  with  its  screened  ethynyl  group,  was  achieved  only  by  boiling 
at  65"  for  10  hours,  when  a  63%  yield  of  trans-l-acetyl-l-decalol  (X)  was  obtained.  At  20*,  II  was  not  hydrated 
and  was  completely  recovered  .unchanged. 
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C=CH  COCHj  «i) 

UOH  H  U  OH 


hydration 
10  hr,  20* 

u 

a* 

Li 
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(HI) 
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(K) 

hydration 
10  hr,  65* 


H 

(11) 


COCHj (e) 
.OH  (a) 


(X) 


Similar  results  were  obtained  for  the  hydration  of  the  acetates  (VI)  and  (VII). 

Hydration  of  VII  for  4  hours  at  65*  gave  a  73^0  yield  of  the  acetate  of  trans-l-acetyl-l-decalol  (XI)  [7], 
while,  after  the  same  treatment,  VI  was  recovered  unchanged. 


COCHj  (a) 


Jk:0C0CH,(e) 


(XI) 


Trans-l-acetyl-l-decalol  (IX),  with  its  unscreened  axial  acetyl  group,  readily  formed  both  a  semicarbazone 
and  a  2,4-dinitrophenylhydrazone,  while  the  fact  that  trans-l-acetyl-l-decalol  (X)  only  formed  a  semicarbazone, 
and  that  with  great  difficulty,  provided  evidence  of  the  screening  of  the  equatorial  acetyl  group  In  this  compound. 

V  was  also  not  hydrated  at  20*,  but  an  hour’s  boiling  at  65*  was  sufficient  to  give  a  70%  yield  of  cis-l-acetyl- 
-1-decalol  (XII),  which  only  gave  a  semicarbazone  with  difficulty  and  did  not  form  a  2,4-dinltrophenylhydrazone. 


hydration 

H 

(xn) 


These  results  show  that  carbon  side  chains  in  compounds  V  and  XII  are  also  appreciably  screened  by  the 
adjacent  cyclohexane  rings. 

Oxidation  with  sodium  hypobromite  of  the  acetylalcohols  (IX),  (X)  and  (XII)  yielded  the  stereolsomeric  1- 
-hydroxydecalin  carboxylic  acids  (XIII-XV). 
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The  lower  yield  of  the  acid  (XIV),  in  this  case,  can  probably  be  explained  in  the  same  way  as  the  great 
difficulties  in  introducing  an  equatorial  carbon  side  chain  into  trans-l-ethynyl-l-decalol  (II)  and  tfie  conversion 
of  the  latter  into  the  acetyldecal  (X),  which  have  already  been  discussed. 

When  the  hydroxydecalin  carboxylic  acids  were  acetylated  under  mild  conditions  (boiling  with  acetyl  chloride 
in  ether  [22]),  only  the  acetates  (XVI)  and  (XVIII)  could  be  isolated,  while  the  acid  (XIV)  was  recovered  unchanged 
without  any  formation  of  the  acetate  (XVII). 

Considering  the  ease  of  acetylation  of  the  hydroxyl  groups  in  the  acetylenic  alcohols  (III)  and  (V)  and  in  the 
hydroxydecalin  carboxylic  acids  (XIII)  and  (XV),  we  must  assume  that  the  hydroxyl  groups  in  these  compounds  are 
in  the  equatorial  position,  as  opposed  to  the  hydroxyl  in  trans-l-ethynyl-l-decalol  (II),  which  clearly  occupies  an 
axial  position. 

From  a  consideration  of  the  results  obtained  on  the  rates  of  hydration  of  the  isomeric  ethynyldecalols  (II), 

(III)  and  (V),  on  the  abilities  of  the  hydration  products  to  give  carbonyl  group  derivatives,  and  on  the  ease  of 
oxidation  of  the  acetyldecalols  (IX),  (X)  and  (XII)  with  sodium  hypobromlte,  it  is  obvious  that,  in  the  compounds 
with  axially  disposed  hydroxyl  groups  (II),  (X),  and  (XIV),  the  side  chains  are  subjected  to  greater  sterlc  hindrance, 
vdille  in  the  compounds  with  equatorial  hydroxyl  groups  (III),  (IX)  and  (XIII),  the  side  chains  are  less  affected  by 
sterlc  hindrance,  and  these  differences  are  probably  associated  with  different  degrees  of  screening  by  the  rings. 

EXPERIMENTAL 

Trans-ot-decalone  (I)  (m.p.  32-33*)  was  obtained  from  a-naphthol  by  hydrogenation  over  a  skeletal  nickel 
catalyst  at  120-130*  in  an  autoclave,  oxidation  of  the  resulting  mixture  of  a-decalols  with  sodium  bichromate 
and  20%  sulfuric  acid,  and  isomerization  of  the  oxidation  product  with  powdered  caustic  potash.  Cis-a-decalone 
(b.p.  82-84*  at  2  mm,  n^*’®D  1.4940)  was  obtained  by  the  oxidation  of  cis-a-decalol  (m.p.  93*),  which  in  turn  was 
prepared  by  the  hydrogenation  of  a-naphthol  over  a  skeletal  nickel  catalyst  at  120-130*  in  an  autoclave,  followed 
by  freezing  out  from  the  mixture  of  isomeric  decalols. 

Infrared  absorption  spectra  of  compounds  II,  III,  V,  IX,  X  and  XII  were  recorded  on  a  double-beam  infrared 
spectrometer  IKS -2  with  an  NaCl  prism,  which  gave  an  error  in  the  frequency  measurement  of  less  than  ±  2  cm"^ 
The  resolving  power  of  the  Instmment  was  5.8  cm”^  in  the  range  800-1200  cm”^. 

Crystalline  compounds  were  examined  in  carbon  disulfide  solution,  at  a  concentration  of  ~7  •  10“*  M  in  a 
1  mm  cell.  Liquids  were  examined  in  the  pure  state  in  a  cell  0.01  mm  thick. 

Condensation  of  acetylene  with  trans-a-decalone  (I),  a)  A  mixture  of  120  g  of  powdered  caustic  potash, 

800  ml  of  anhydrous  ether  and  25  ml  of  ethyl  alcohol  was  placed  in  a  steel  reactor,  the  air  was  displaced  by  nitrogen, 
and  the  mixture  was  saturated  with  acetylene  at  20*  and  6  atm  pressure  [12].  Then  a  solution  of  190  g  of  trans-a- 
-decalone  (I)  in  200  ml  of  ether  was  added  with  vigorous  stirring  over  a  period  of  2  hours.  The  mixture  was  stirred 
for  a  further  2.5  hours  at  20*  and  6  atm.  treated  with  250  ml  of  water  and  removed  from  the  reactor.  The  ether 
layer  was  separated  and  the  aqueous  layer  was  extracted  three  times  with  ether.  The  combined  ethereal  extracts 
were  saturated  with  carbon  dioxide  and  dried  over  potash.  The  ether  was  distilled  off,  and  the  residue  was  distilled 
under  reduced  pressure  to  give  178  g  (80%)  of  a  mixture  of  isomeric  trans-l-ethynyl-1 -decalols  (II)  and  (III)  in  the 
form  of  a  colorless  liquid  of  b.p.  89-91*  at  2  mm,  n^D  1.5060. 

b)  Liquid  ammonia  (1  liter)  was  placed  in  a  four-necked,  round-bottom,  3  litre  flask  provided  with  a  stirrer, 
a  dropping  funnel  and  gas  inlet  and  outlet  tubes,  and  cooled  in  a  mixture  of  solid  carbon  dioxide  and  acetone  to 
”70*.  The  liquid  was  stirred  vigorously  and  a  stream  of  acetylene  was  passed  through,  28.5  g  of  metallic  sodium 
was  added,  and  the  passage  of  dry  acetylene  was  continued  until  the  reaction  mixmre  was  completely  decolorized 
(about  6  hours),  after  which  a  solution  of  80  g  of  trans-a-decalone  (I)  in  400  ml  of  anhydrous  ether  was  added  over 
a  period  of  30-40  minutes.  The  acetylene  stream  was  continued  for  another  12  hours,  the  temperature  was  allowed 
to  rise  gradually  to  ”35*,  and  110  g  of  dry  ammonium  chloride  was  added  a  little  at  a  time.  The  greater  part  of 
the  ammonia  was  allowed  to  evaporate  freely,  the  residue  was  treated  with  200  ml  of  ether  and  400  ml  of  water, 
the  ether  layer  was  separated,  and  the  aqueous  layer  was  extracted  three  times  with  ether.  The  combined  ether 
extracts  were  washed  with  5%  hydrochloric  acid  and  then  with  water,  and  dried  over  sodium  sulfate.  The  ether 
was  distilled  off  and  the  residue  was  distilled  under  reduced  pressure  to  give  85  g  (90%)  of  a  mixture  of  isomeric 
trans-l-ethynyl-1 -decalols  of  b.p.  94-99“  at  2  mm,  n^^D  1.5070.  Petroleum  ether  (70  ml  of  b.p.  40-50*)  was 
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added,  and  the  mixture  was  cooled  with  solid  carbon  dioxide  to  give  26,5  g  of  crystals  of  m.p.  50-52",  and  these, 
after  recrystallization  from  40  ml  of  petroleum  ether  with  repeated  freezing  out  from  the  mother  liquor,  yielded 
21  g  of  the  crystalline  isomer  II  in  the  form  of  colorless  crystals. 

M.p.  54-55".  1/  1032  and  1141  cm'\ 

Found  %:  C  80.83,  80.68;  H  10.22;  10.33.  C^HigO.  Calculated  %:  C  80.84;  H  10.17. 

Chromatography  of  the  mother  liquor  on  alumina  yielded  4.5  g  of  II  and  45  g  of  the  isomer  III,  in  the  form 
of  a  colorless  liquid. 

B.  p.  86-87"  (1  mm);  n*®D  1.5044;  d*®4  1.0041;  MRj)  52.61;  calc.  52.75;  v  1029,  1038,  1051,  1145  and 

1156  cm”^ 

Found  %  C  80.93,  81.09;  H  10.21,  10.24.  CjjHuO.  Calculated  C  80.84;  H  10.17. 

The  acetate  of  trans-l-ethynyl-decalol  (VI).  A  solution  of  15.4  g  of  II  (m.p.  54-55")  in  35  g  of  freshly  distilled 
acetic  anhydride  was  boiled  under  reflux  for  2.5  hours.  The  cooled  solution  was  treated  with  80  ml  of  water,  and 
the  oil  was  separated,  taken  up  in  ether,  washed  with  soda  solution  until  neutral  and  dried  over  magneiium  sulfate. 

The  solvent  was  distilled  off,  and  the  residue  was  distilled  under  reduced  pressure  to  give  16.2  g  (85%)  of  the  acetate 
(VI)  in  the  form  of  a  colorless  liquid. 

B.  p.  106-108"  at  2  mm,  n*®-®D  1.4940,  d*®4  1.0344,  MRp  61.98;  calc.  62.04. 

Found  %;  C  76.51,  76.52;  H  9.28,  9.23.  Calculated  %:  C  76.32;  H  9.15. 

The  acetate  of  trans-l-ethynyl-l-decalol  (VII).  A  solution  of  4  g  of  III  (b.p.  86-87"  at  1  mm;  n****D  1.5033) 
in  8  g  of  freshly  distilled  acetic  anhydride  was  boiled  under  reflux  for  2.5  hours.  The  solution  was  cooled  and  poured 
into  water,  and  the  crystals  deposited  were  separated  and  recrystallized  from  isooctane^  The  yield  was  4.5  g  (92%) 
of  the  acetate  VII,  of  m.p.  79-80"  [7]. 

Condensation  of  acetylene  with  cis-a-decalone  (IV).  Liquid  ammonia  (1  litre)  was  placed  in  the  apparatus 
as  described  above.  The  liquid  was  stirred  vigorously  while  a  stream  of  dry  acetylene  was  passed  through,  and  17  g 
of  sodium,  cut  into  small  pieces,  was  added.  When  the  color  had  completely  disappeared,  a  solution  of  50  g  of 
cls-a-decalone  (IV)  in  250  ml  of  anhydrous  ether  was  added,  with  vigorous  stirring,  to  the  suspension  of  sodium 
acetylide  at  ~  70",  over  a  period  of  30  minutes.  The  usual  recovery  procedure  gave  42.5  g  (74.3%)  of  a  material 
of  b.p.  88-98"  at  2  mm  and  n^'®D  1.5002,  from  which  were  obtained,  by  dilution  with  petroleum  ether  and  freezing 
out  at  ~  70",  25  g  of  cis-l-ethynyl-l-decalol  (V)  in  the  form  of  large  transparent  crystals. 

M.  p.  55-56",  V  1022,  1037  and  1057  cm"^. 

Found  %;  C  80.85,  80.85;  H  10.11,  10.18.  CizHigO.  Calculated  %;  C  80.84;  H  10.17. 

Chromatography  of  17  g  of  the  liquid  residue  on  alumina  yielded  6.8  g  of  V,  of  m.p.  56-57",  and  5.1  g  of 
trans-a-decalone  (I)  of  m.p.  33".  A  sample  of  V  mixed  with  II  (m.p.  54-55")  melted  at  33-35". 

The  total  yield  of  V,  based  on  the  cis-a-decalone  taking  part  in  the  reaction,  was  60.5%. 

The  acetate  of  cis-l-ethynyl-l-decalol  (VIII).  A  solution  of  11.7  g  of  V  (m.p.  55-56")  in  28  g  of  freshly 
distilled  acetic  anhydride  was  boiled  under  reflux  for  2.5  hours.  The  solution  was  cooled  and  poured  into  water, 
and  the  crystals  which  separated  were  recrystallized  from  isooctane.  The  yield  was  13.2  g  (90%)  of  the  acetate 
VIII  in  the  form  of  large,  colorless,  transparent  crystals  of  m.p,  65-67", 

Found  %:  C  76.37,  76.21;  H  9.27,  9.27.  C14H20OJ.  Calculated  %;  C  76.32;  H  9.15. 

Hydration  of  trans-l-ethynyl-l-decalol  (11).  A  mixture  of  5  g  of  II  (m.p,  54-55"),  40  ml  of  methanol,  6  ml 
of  water,  0.3  ml  of  concentrated  sulfuric  acid  and  2  g  of  mercuric  sulfate  was  stirred  at  20"  for  100  hours;  the  re¬ 
action's  course  was  followed  by  testing  samplesfor  an  acetylene.  Under  these  conditions  hardly  any  reaction  took 
place.  The  reaction  was  only  completed  after  boiling  for  10  hours  at  65".  The  cooled  mixture  was  neutralized 
with  sodium  bicarbonate  solution,  and  the  inorganic  residue  was  filtered  off.  The  product  was  extracted  with  ether 
and  dried  over  magnesium  sulfate,  the  ether  was  distilled  off  and  the  residue  was  distilled  under  reduced  pressure. 

The  yield  was  3.5  g  (63%)  of  trans -1-acetyl -1-decalol  (X)  in  the  form  of  a  colorless  liquid. 

B.  p.  106-107"  at  2  mm,  n*®D  1.4970,  d*®4  1,0502,  MBp  54.71;  calc.  54.75.  v  1029,  1045,  1082  and  1140  cm’^. 


2241 


Found  C  73.62;  73.62;  H  10.14,  10.25.  Calculated  °]oi  C  73.42;  H  10.27. 

The  semicarbazone  of  X  was  in  the  form  of  white  crystals  of  m.p.  218-219*  (from  methanol). 

Found  °Jai  N  16.32,  16.24.  CJ3H23O2N3.  Calculated  N  16.59. 

Hydration  of  trans-l-ethynyl-l-decalol  (III).  A  mixture  of  5  g  of  III  (b.p.  86-87’  at  1  mm;  n**  ®D  1.5033), 

40  ml  of  methanol,  6  ml  of  water,  0.3  ml  of  concentrated  sulfuric  acid  and  2  g  of  mercuric  sulfate  was  stirred  at 
20’  for  10  hours;  at  the  end  of  this  time  a  sample  gave  a  negative  test  for  an  acetylene;  metallic  mercury  was 
formed.  The  mixture  was  neutralized  with  dry  sodium  bicarbonate,  the  inorganic  deposit  was  filtered  off,  and  the 
product  was  extracted  with  ether  and  dried  over  magnesium  sulfate.  The  solvent  was  distilled  off  and  the  residue 
was  distilled  under  reduced  pressure  to  give  4.3  g  (80%)  of  trans-l-acetyl-l-decalol  (IX),  in  the  form  of  a  color¬ 
less  liquid. 

B.  p.  80-82"  (1  mm),  n*®D  1.4898,  d*“4  1.0337,  MR^  54.94;  calc.  54.75.  v  1060,  1097,  and  1151  cm'^ 

Found  %:  C  73.50,  73.40;  H  10.36,  10.22.  CjjHjoOg.  Calculated  %:  C  73.42;  H  10.27. 

The  semicarbazone  melted  at  209-210"  (from  methanol),  and  a  sample  mixed  with  the  above-described 
semicarbazone  of  X  (m.p.  218-219’)  melted  at  204-206’. 

Founder  C  61.65;  61.89;  H  9.14,  9.15;  N  16.34,  16.59.  CiaHjsOjNj.  Calculated  %:  C  61.63;  H  9.15; 

N  16.59. 

The  2,4-dinitroi^enylhydrazone  of  IX  consisted  of  orange-yellow  crystals  of  m.p.  141-142"  (from  ethanol). 

Found  %:  C  51.39,  51.55;  H  6.35,  6.48;  N  15.09,  14.96.  C19H24P5N4.  Calculated  %;  C  51.43;  H  6.42; 

N  14.88. 

Hydration  of  cis-l-ethynyl-l-decalol  (V).  A  mixture  of  5  g  of  V  (m.p.  55-56"),  40  ml  of  methanol,  6  ml  of 
water,  0.3  ml  of  concentrated  sulfuric  acid  and  2  g  of  mercuric  sulfate  was  stirred  at  20"  for  70  hours.  There  was 
practically  no  hydration  under  these  conditions  (acetylene  test).  But,  after  the  mixture  had  been  boiled  for  1  hour 
at  65’,  mercury  was  deposited  and  the  acetylene  test  was  negative.  The  cooled  mixture  was  neutralized  with 
sodium  bicarbonate  solution,  the  inorganic  deposit  was  filtered  off,  the  filtrate  was  extracted  with  ether  and  the 
ethereal  solution  was  dried  over  magnesium  sulfate.  The  solvent  was  distilled  off,  and  distillation  of  the  residue 
under  reduced  pressure  yielded  3.9  g  (71%)  of  cis-l-acetyl-l-decalol  (XII)  in  the  form  of  a  colorless  liquid. 

B.  p.  94-96’  (1  mm),  n*°D  1.5010,  d*®4  1.0618,  MRj)  54.47;  calc.  54.75;  v  1045,  1066.  1128  and  1150  cm"^ 

Found  %:  C  73.46,  73.24;  H  10.33,  10.27.  CjzHjqOj.  Calculated  %:  C  73.42;  H  10.27. 

On  standing,  XII  crystallized  completely,  and  was  obtained  in  the  form  of  colorless  needles  of  m.p.  36.5-37’ 
(from  petroleum  ether).  Samples  of  XII,  mixed  with  V  (m.p.  55-56*),  II  (m.p.  54-55")  or  I  (m.p.  33"),  melted  on 
mixing  at  about  18". 

The  semicarbazone  of  XII  was  in  the  form  of  colorless  crystals  of  m.p.  203-205’ (from  methanol). 

Found  %:  N  16.30,  16.43;  C^H2302N3.  Calculated  %;  N  16.59. 

Hydration  of  the  acetate  of  trans-l-ethynyl-l-decalol  (VII).  A  mixmre  of  3.5  g  of  (VII)  (m.p.  79-80"), 

40  ml  of  methanol,  5  ml  of  water,  0.2  ml  of  concentrated  sulfuric  acid  and  1.5  g  of  mercuric  sulfate  was  stirred 
for  4.5  hours  at  65".  Meullic  mercury  was  deposited  and  a  sample  gave  a  negative  acetylene  test.  The  reaction 
mixture  was  worked  up  in  the  usual  way  to  give  2.8  g  (73%)  of  the  acetate  of  trans-l-acetyl-l-decalol  (XI)  [7] 
in  the  form  of  a  colorless  liquid. 

B.  p.  111-113"  (1.5  mm);  n“D  1.4880;  d*°4  1.0752;  MRp  63.63;  calc.  63.99. 

Oxidation  of  trans-l-acetyl-l-decalol  (IX)  with  sodium  hypobromite.  A  solution  of  sodium  hypobromite 
was  prepared  from  6  g  of  caustic  soda,  40  ml  of  water  and  9  g  of  bromine.  This  was  cooled  to  —  5",  2.8  g  of  IX 
(b.p.  80-82"  at  2  mm;  n*®D  1.4898)  was  added,  and  the  mixture  was  stirred  for  2.5  hours  at  15".  The  bromoform 
layer  (about  4  g)  was  removed,  the  aqueous  layer  was  thoroughly  extracted  with  ether,  and  the  ethereal  solution 
was  dried  over  magnesium  sulfate.  The  solvent  was  distilled  off  and  the  residue  was  recrystallized  from  benzene. 
The  yield  was  2.5  g  (89.3%)  of  trans-l-hydroxydecalln  carboxylic  acid  (XIII),  in  the  form  of  colorless  crystals 
of  m.p.  149-150". 
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Found  C  66,46,  66.33;  H  9.10,  9.06.  CuHuOg.  Calculated  <7o:  C  66.63;  H  9.15. 

On  boiling  a  solution  of  1  g  of  XIII  (m.p.  149-150’)  and  2.5  ml  acetyl  chloride  in  5  ml  of  ether  under  reflux 

for  4  hours,  a  quantitative  yield  (1.2  g)  was  obtained  of  the  acetate  of  trans-l-hydroxydecalin  carboxylic  acid 
(XVI)  in  the  form  of  large  colorless  crystals  of  m.p.  164-165*  (from  benzene). 

Found  C  65.13,  64.93;  H  8.40,  8.39.  C13H20O4.  Calculated  C  64.97;  H  8.39. 

Oxidation  of  trans-l-acetyl-l-decalol  (X)  wiA  sodium  hypobromite.  Using  a  similar  procedure,  2.8  g  of 
X  (b.p.  106-107"  at  2  mm;  n*®D  1.4970)  yielded  1.5  g  (54%)  of  trans-l-hydroxydecalin  carboxylic  acid  (XIV), 
in  the  form  of  colorless  crystals  of  m.p.  115-116*  (from  benzene). 

Found  %;  C  66.44,  66.56;  H  9.27,  9.11.  CuHigOg.  Calculated  %:  C  66.63;  H  9.15. 

Oxidation  of  cis-l-acetyl-l-decalol  (XII)  with  sodium  hypobromite.  The  bromite  solution  was  prepared 
from  6.3  g  of  caustic  soda,  40  ml  of  water  and  9  g  of  bromine.  This  was  cooled  to  —  5*,  2.9  g  of  XII  (b.p.  94-96* 
at  1  mm;  n*®D  1.5010)  was  added,  and  the  mixture  was  stirred  for  30  minutes  at  0*  and  for  2  hours  at  20*.  Crystals 
of  the  sodium  salt  of  cis-l-hydroxydecalin  carboxylic  acid  were  prepcipitated,  and  these  were  treated  with  dilute 
sulfuric  acid  to  give  2.2  g  (75%)  of  XV,  in  the  form  of  colorless  crystals  of  m.p.  134-136"  (from  benzene). 

Found  %:  C  66.72,  66.56;  H  9.22.  9.34.  CjiHigOg.  Calculated  %:  C  66.63;  H  9.15. 

A  solution  of  0.5  g  of  XV  (m.p.  134-136*)  and  1,2  ml  of  acetyl  chloride  in  2.5  ml  of  ether  was  boiled  under 
reflux  for  4  hours.  The  yield  was  0.45  g  (75%)  of  the  acetate  of  cis-l-hydroxydecalin  carboxylic  acid  (XVIII), 
in  the  form  of  colorless  crystals  of  m.p.  141-142.5"  (from  benzene). 

Found  %:  C  65.13,  65.10;  H  8.40,  8.42.  CyHjflO^.  Calculated  %;  C  64.97;  H  8.39, 

SUMMARY 

We  have  Investigated  the  stereochemistry  of  the  condensation  of  cis-  and  trans-a-decalones  with  acetylene 
and  some  stereochemical  reactions  of  the  resulting  cis-  and  trans-l-ethynyl-l-decalols  (II),  (III)  and  (V)  and  of 
their  hydration  products. 
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INVESTIGATION  OF  ACRIDINE  DERIVATIVES 
1.  SYNTHESIS  OF  1-NITRO-2-METHOXY-9-CHLOROACRIDINE 


A.  T.  Troshchenko 


Many  theoretically  possible  acridine  derivatives  have  not  yet  been  prepared,  in  spite  of  their  great  importance 
for  different  branches  of  industry,  and  this  makes  it  impossible  to  establish  any  general  relations  between  them  or 
any  relationships  between  their  properties  and  stmctures.  Special  methods  of  preparing  different  compounds  of  this 
class  have  not  yet  been  investigated. 

We  were  Interested  in  the  synthesis  of  previously  unknown  nitromethoxy  derivatives  of  anthracene,  in  which 
the  substituents  were  in  the  ortho  position  with  respect  to  each  other.  One  possible  way  of  synthesizing  such  com¬ 
pounds  was  by  the  cyclizatlon  of  3*-nitro-4’-methoxydl|henylamlne-2-carboxylic  acid  (I),  which  should  give  the 
two  isomeric  compounds  —  l-nltro-2-methoxyacrldine  (II)  and  2-methoxy-3-nitroacridine  (III). 
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3* -Nitro-4’-methoxydiphenylamine-2 -carboxylic  acid  was  previously  unknown.  The  synthesis  of  an  acid  of 
this  structure  could  be  attempted  in  two  different  ways  —  a)  the  condensation  of  2-nltro-4-chloroanisole  with  anthra- 
nilic  acid  [1],  and  b)  the  condensation  of  2-nitro-4-aminoanisole  with  o-chlorobenzoic  acid. 
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The  first  of  these  condensations,  a),  was  found  to  give  the  desired  acid,  I,  but  it  was  greatly  contaminated 
by  tarry  matter,  which  made  it  difficult  to  purify,  so  that  the  yield  was  very  small.  We  therefore  tried  the  second 
method  of  synthesis. 


2245 


r 


r 


«> 


The  requisite  2-nitro-4-aminoanisole  was  prepared  by  the  action  of  nitration  mixture  on  p-acetanisidine 
and  subsequent  hydrolysis  of  the  acetyl  group  [2].  The  condensation  of  this  product  with  o-chlorobenzoic  acid 
gave  the  desired  acid,  I,  and  this  had  a  constant  melting  point  after  a  single  recrystallization  from  glacial  acetic 
acid.  This  acid  could  be  cyclized  with  the  aid  of  phosphorus  oxychloride  to  give  2-nitromethoxy-9-chloroacridine. 

This  reaction  could  theoretically  lead  to  the  formation  of  the  two  isomeric  compounds  II  and  III,  so  that, 
after  one  substance  had  been  crystallized  out,  the  mother  liquor  was  concentrated  to  yield  another  fraction  in  the 
form  of  a  pure  product;  this  second  fraction  was  found  to  be  identical  with  the  first.  Chromatography  of  the 
mother  liquor  on  alumina  also  failed  to  give  another  product.  With  the  object  of  obtaining  the  second  possible 
isomer,  the  reaction  product  was  subjected  to  stepwise  hydrolysis  by  dilute  hydrochloric  acid,  since  it  was  known 
that  the  rate  of  hydrolysis  of  a  chlorine  atom  in  the  9  position  is  considerably  affected  by  the  nature  and  positions 
of  the  other  substituents  [3],  Two  hours  hydrolysis  gave  a  product  completely  soluble  in  dichloroethane  or  benzene. 
It  was  only  converted  to  an  acrldone  after  heating  for  18  hours.  Thus,  the  cyclization  of  I  only  yielded  one  of 
the  possible  products. 


In  order  to  establish  the  structure  of  the  nltromethoxy- 
~9-chloroacridine,  we  synthesized  one  of  the  possible  Isomers, 
III,  by  a  method  which  excluded  the  possibility  of  isomer 
formation.  The  compound  III  could  be  obtained  from  a  dl- 
phenylamine  carboxylic  acid  which  contained  the  substituents 
and  the  carboxyl  group  in  the  same  ring,  namely  4-methoxy- 
-5-nltrodiphenylamlne-2-carboxylic  acid.  This  acid  had 
not  been  described  in  the  literature,  but  it  could  be  synthesized 
by  the  condensation  of  the  also  undescribed  2-chloro-4-nitro- 
-5-methoxybenzoic  acid  with  aniline.  2-Chloro-4-nitro-5- 
-methoxybenzoic  acid  was  synthesized  in  two  ways  ~  a)  by 
nitration  of  2-chloro-5-hydroxybenzoic  acid  [4],  methylation 
of  the  resulting  2-chloro-4-nitro-5-hydroxybenzoic  acid  with 
diazomethane  and  hydrolysis  of  the  resulting  methyl  ester  of 
2-chloro-4-nitro-5-methoxybenzoic  acid,  and  b)  by  methyl¬ 
ation  of  6-chloro-4-nitro-m-cresol  [5]  and  oxidation  of  the 
resulting  6-chloro-4-nitro-3-methoxytoluene  with  permanganate  to  give  2-chloro-5-methr)xybenzoic  acid  identical 
with  the  product  of  a),  but  in  very  poor  yield  (27%).  Condensation  of  this  acid  with  aniline  gave  a  good  yield  of 
4-methoxy-5-nitrodiphenylamlne-2-carboxyllc  acid. 


Absorption  spectra  (in  benzyl  alcohol,  10"^ 

1)  l-Nitro-2-methoxy-9-chloroacrtdine; 

2)  2  -methoxy  -3  -niuo  -9  -chloroacridine . 


cm). 


Cyclization  of  this  acid  with  the  aid  of  phosphorus  oxychloride  gave  2-methoxy-3-nitro-9-chloroacridine, 
which  was  found  to  be  different  from  the  nitromethoxy-9-chlotoacrldine  obtained  previously,  and  this  enabled  the 
latter  to  be  assigned  the  structure  l-nitro-2-methoxy-9-chloroacridine  (II).  Compounds  II  and  III  had  different 
absorption  spectra. 

An  attempt  to  synthesize  II  from  3 -nitro-4-methoxydiphenyla mine -2 -carboxylic  acid  was  unsuccessful,  in 
that  we  did  not  succeed  in  preparing  the  requisite  2-nltro-3 -methoxy -6 -chlorobenzoic  acid,  because  oxidation  of 
2-nitro-3 -methoxy -6 -chlorotoluene  with  either  permanganate  or  chromic  mixture  led  to  complete  breakdown  of 
the  molecule.' 


The  absorption  spectra  of  l-nitro-2-methoxy-9-chloroacridine  and  of  2-methoxy-3-nitro-9-chloroacridine 
were  recorded  (see  Fig.). 

3’-Nitro-4’-methoxydiphenylamine-2-carboxylic  acid  (acid  chloride)  was  also  subjected  to  cyclization  by 
heating  with  phosphorus  penta chloride,  and  subsequent  treatement  with  anhydrous  aluminum  chloride.  The  pro¬ 
duct  was  a  nitromethoxyacridone  identical  with  the  l-nitro-2-methoxyacridone  obtained  by  the  hydrolysis  of  1- 
-nitro-2-methoxy-9-chloroacridine. 


EXPERIMENTAL 

Preparation  of  3*-nitro-4*-methoxydiphenylamine-2-carboxylic  acid  (I),  a)  Condensation  of  anthranilic 
acid  with  4-chloro-2-nitroanisole.  A  mixture  of  7.0  g  of  anthranilic  acid,  9,4  g  of  4-chloro-2-nitroanisole,  10  g 
of  finely  divided. freshly  calcined  potash,  0.3  g  of  copper  powder  and  75  ml  of  nitrobenzene  was  heated  in  a  round - 
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bottom  flask,  under  reflux,  in  an  oil  bath  at  180*,  for  5  hours.  The  nitrobenzene  was  distilled  off  in  steam.  The  aqueous 
solution  from  the  distillation  flask  was  filtered,  and  the  residue  on  the  filter  was  extracted  with  hot  water.  The 
combined  filtrates  were  made  acid  to  congo  red  with  dilute  hydrochloric  acid.  The  dark  resinous  deposit  formed 
was  washed  until  neutral  and  dried  in  air.  It  weighed  6.3  g.  Three  crystallizations  from  glacial  acetic  acid  yielded 
3.1  g  (21.0%)  of  acid  of  m.p.  193-196*. 

b)  Condensation  of  o-chlorobenzoic  acid  with  2-nitro-4-aminoanisole.  A  mixture  of  15.6  g  of  o-chloro- 
benzolc  acid,  17.0  g  of  2-nitro-4-aminoanisole7.0  g  of  anhydrous  potash,  0.2  g  of  copper  powder  and  30  ml  of 
cyclohexanol  was  heated  in  a  round-bottom  flask,  under  reflux,  in  an  oil  bath  at  140",  for  2  hours.  The  cyclohexanol 
was  distilled  off  in  steam,  and  the  residue  in  the  distillation  flask  was  extracted  with  hot  soda  solution  until  it  had 
completely  dissolved.  The  solution  was  made  acid  to  congo  red  with  dilute  hydrochloric  acid.  A  yellow  precipitate 
was  formed.  After  washing  and  drying  in  air,  this  weighed  24  g  (85%).  A  single  recrystallization  from  glacial  acetic 
acid  yielded  green  needles  of  m.p.  195-197*. 

Found  %:  C  57.54,  57.81;  H  3.92,  3.95;  N  9.61,  9.81.  equiv.  284.  C14H12O5N2.  Calculated  %;  C  58.33; 

H  4.20;  N  9.71.  Equiv.  288. 

Cyclization  of  3*-nitro-4*-methoxydiphenylamine-2-carboxylic  acid.  A  mixture  of  28.8  g  of  3*-nitro-4'- 
-methoxydiphenylamine-2-carboxylIc  acid  with  82  g  of  phosphoms  oxychloride  was  heated  in  a  round-bottom  flask, 
with  a  reflux  condenser  protected  by  a  calcium  chloride  tube,  on  a  metal  bath  at  110-120*,  for  1.5  hours.  Vigorous 
boiling  and  frothing  occurred  at  the  start.  At  the  end  of  this  heating  period  the  main  part  of  the  phosphorus  oxychlo¬ 
ride  was  distilled  off  under  a  waterpump  vacuum,  the  residue  was  dissolved  in  0.5  liters  of  chloroform,  and  this 
solution  was  added,  with  stirring,  to  4  liters  of  5%  ammonia  solution.  The  chloroform  solution  was  separated  and 
dried,  and  the  solvent  was  removed.  The  crystalline  residue  weighed  29.0  g. 

Recrystallization  from  dichloroethane  yielded  18.28  g  of  a  pale-yellow  product  of  m.p.  195-196*.  Evapora¬ 
tion  of  the  mother  liquor  gave  a  further  quantity  of  material,  which,  on  recrystallization  from  dichloroethane  gave 
the  same  product  of  m.p.  195-196*.  The  total  yield  of  the  pure  product  was  26.2  g  (91%). 

Found  %;  C  57.87;  H  3.19;  N  9.97.  Ci4Hg03N2Cl.  Calculated  %:  C  58.26;  H  3.15;  N  9.70. 

Attempts  to  obtain  the  second  of  the  possible  isomers  by  crystallization  of  the  crude  product  from  benzene, 
chloroform  and  dichloroethane  were  unsuccessful.  The  mother  liquor  from  the  first  fraction  of  crystals  was  diluted 
with  dry  dichloroethane  and  passed  through  an  alumina  column.  Washing  of  the  column  with  various  solvents  did 
not  lead  to  any  resolution  of  the  absorption  zone.  Fractional  elution  also  gave  products  with  identical  properties. 

Conversion  of  l-nitro-2-methoxy-9-chloroacridine  into  l-nitro-2-methoxyacridone.  A  mixture  of  0.5  g  of 
l-nitro-2-methoxy-9-chloroacridine  and  50  ml  of  1%  hydrochloric  acid  was  heated  for  18  hours  on  a  boiling  water 
bath.  The  residue  was  filtered  off,  washed  with  water,  ammonia  and  again  with  water,  and  dried.  The  resulting 
pale-yellow  powder  was  insoluble  in  benzene,  alcohol  or  dichloroethane.  It  was  recrystallized  from  glacial  acetic 
acid.  Microscopic  needles  were  obtained  of  m.p.  339*.  The  solution  in  glacial  acetic  acid  showed  an  intense  blue- 
violet  fluorescence. 

Production  of  l-nitro-2-methoxyacridone  by  the  cyclization  of  3*-nitro-4*-methoxydiphenylamine-2-car- 
boxylic  acid  in  the  presence  of  aluminum  chloride.  A  mixture  of  5.7  g  of  3*-nitro-4’-methoxydiphenylamine-2- 
-carboxylic  acid,  5.0  g  of  phosphorus  pentachloride  and  50  ml  of  benzene  was  heated  in  a  round- bottom  flask  to 
30-40*  for  30  minutes.  A  dark  green  solution  was  formed,  from  which  crystals  began  to  separate  on  cooling,  and 
the  cold  solution  was  mixed  with  8.0  g  of  finely  divided  anhydrous  aluminum  chloride.  This  caused  the  mixture 
to  heat  up,  which  was  countered  by  cooling  the  flask  in  running  water.  The  solution  acquired  a  reddish-brown 
color.  The  mixture  was  shaken  at  intervals  for  2  hours.  The  reaction  mixture  was  poured  into  ice  water,  the  ben¬ 
zene  was  evaporated  off,  and  the  product  was  washed  with  soda  solution  and  with  boiling  water.  Its  weight  was 
5,3  g  after  drying.  The  product  was  recrystallized  from  glacial  acetic  acid.  Microscopic  yellow  needles  were 
obtained  of  m.p.  338*.  A  mixed  sample,  with  the  previously  described  l-nitro-2-methoxyacridone,  melted  at 
339*. 

Found  %:  C  61.87;  H  3.68;  N  10,02.  C14H10O4N2.  Calculated  %;  C  62.23;  H  3.74;  N  10.36. 


A  mixture  of  1.0  g  of  l-nitro-2-methoxyacridone  (obtained  by  cyclization  in  the  presence  of  aluminum 


chloride)  with  5.0  ml  of  phosphorus  oxychloride  was  heated  on  a  metal  bath  at  125-130*  for  3  hours.  Excess  of 
phosphorus  oxychloride  was  distilled  off  on  a  water  bath  under  a  waterpump  vacuum.  Ice  and  5^^  ammonia  were 
added.  On  shaking,  the  oil  turned  to  a  yellow  powder,  which  was  separated,  washed  and  dried.  The  yield  was  1.1  g. 
Recrysullization  from  dlchloroethane  gave  a  product  of  m.p,  195-196*.  A  mixed  sample,  with  the  product  obulned 
by  the  cyclization  of  3'-nitro-4’-mcthoxydiphenylamtne-2-carboxylic  acid  in  the  presence  of  phosphorus  oxychloride, 
melted  at  195-196*. 

Preparation  of  2-chloro-4-nitro-5-hydroxybenzoic  acid.  A  solution  of  5.15  g  of  3-hydroxy-6-chlorobenzoic 
acid  in  25  ml  of  glacial  acetic  acid  was  kept  cold  while  3.2  ml  of  nitric  acid  (d  1.4)  was  added  drop  by  drop,  which 
tended  to  heat  the  mixture. 

The  next  day  the  mixture  was  diluted  with  water,  a  pale-yellow  precipitate  was  formed,  which  was  separated, 
washed  and  dried.  It  weighed  1.13  g. 

This  crystallized  from  water  in  the  form  of  fine  silky  needles  of  m.p.  147-148*. 

Found  <70:  C  38.18,  38.37;  H  1.74,  1.79;  N  6.0,  6.27;  equiv  220.  C,H^5NC1.  Calchlated  “yo:  C  38.67; 

H  1.84;  N  6.43.  Equiv.  217.5. 

Preparation  of  2-chloro-4-nitro-5-methoxybenzoic  acid.  A  solution  of  1.0  g  of  2-chloro-4-nitro-5 -hydroxy- 
benzoic  acid  in  15  ml  of  ether  was  methylated  with  diazomethane.  The  residue,  after  distilling  off  the  ether  and 
excess  of  diazomethane,  was  heated  with  alcoholic  alkali,  the  alcohol  was  distilled  off,  and  the  residue  was  dissolved 
in  water  and  made  acid  to  congo  red  with  hydrochloric  acid.  The  organic  acid  was  precipitated  in  the  form  of 
bright  needles  of  m.p.  171-172*;  weight  1.0  g. 

Found  <54):  C  41.19;  H  2.50;  N  5.87.  Equiv.  233.  CgHjOgNa.  Calculated  "/o:  C  41.51;  H  2.63;  N  6.04. 

Equiv.  232.5. 

Preparation  of  2-chloro-4-nltro-5-methoxytoluene.  6-Chloro-4-nitro-m-cresol  was  prepared  by  the  nitration 
of  p-chloro-m-cresol  and  13.0  g  of  it  was  suspended  in  50  ml  of  anhydrous  ether.  An  ethereal  solution  of  diazo¬ 
methane,  prepared  from  25  g  of  the  methylnitrosamide  of  p-toluenesulphonic  acid,  was  added  to  the  suspension. 

There  was  an  abundant  evolution  of  bubbles  when  the  diazomethane  was  added,  and  the  suspended  matter  went 
into  solution.  On  the  next  day  the  ethereal  solution  was  washed  a  few  times  with  dilute  alkali  and  then  with  water. 
The  ethereal  solution  was  filtered  through  a  dry  filter,  and  the  solvent  was  distilled  off.  The  residue  was  12.0  g 
of  pale-yellow  crystals,  whose  m.p.  was  96-97*  after  recrystallization  from  alcohol. 

Found  C  47.12;  H  3.94;  N  6.21.  CgHgOsNCl.  Calculated  %:  C  47.68;  H  4.01;  N  6.94. 

Oxidation  of  2-chloro-4-nitro-5-methoxytoluene.  A  mixture  of  11.5  g  of  2-chloro-4-nltro-5-methoxytoluene 
with  a  solution  of  10  g  of  permanganate  in  300  ml  of  water  was  placed  in  a  flask.  The  mixture  was  stirred  and 
boiled  for  2  hours.  Another  9  g  of  permanganate  was  added  when  the  color  began  to  fade,  and  the  boiling  was  con¬ 
tinued  for  another  3  hours.  The  solution  was  then  colorless,  but  there  were  numerous  oily  drops  floating  on  the  sur¬ 
face  and  these  crystallized  on  cooling.  The  treatment  was  continued  with  three  further  portions  of  5,4  and  3  g  of 
permanganate,  but  oxidation  remained  incomplete.  Manganese  dioxide  and  unconverted  2-chloro-4-nitro-5-methoxy 
toluene  were  filtered  off.  The  filtrate  was  acidified,  whereupon  3-methoxy-4-nitro-6-chlorobenzoic  acid  was  pre- 
cipitatedln  the  form  of  silky  needles.  The  weight  was  2.5  g. 

Extraction  of  the  manganese  dioxide  sludge  with  ether  yielded  7  g  of  2-chloro-4-nltro-5-methoxytoluene, 
and  this  was  further  oxidized  until  no  more  crystals  were  visible  in  the  reaction  mixture,  this  required 40  g  of  per¬ 
manganate.  The  manganese  dioxide  was  filtered  off,  and  1.25  g  of  acid  was  isolated,  which  melted  at  171-172* 
after  recrystalllzatlon  from  hot  water.  A  mixed  sample  of  this  acid,  with  the  acid  obtained  by  the  nitration  of 
3-hydroxy-6-chlorobenzoic  acid,  melted  at  171-172*. 

Oxidation  of  2-chloro-4-nitro-5-methoxytoluene  with  permanganate  in  aqueous  pyridine  solution  only  gave 
traces  of  the  acid. 

Condensation  of  2-chloro-4-nitro-5-methoxybenzoic  acid  with  aniline.  A  mixture  of  1.0  g  of  2-chloro-4- 
-nItro-5-methoxybenzolc  acid,  0.7  g  of  freshly  distilled  aniline,  1.8  g  of  calcined  potash,  0.05  g  of  copper  powder 
and  15  ml  of  isoamyl  alcohol  was  heated,  under  refli'x,  on  a  metal  bath  to  140-145*,  for  4  hours.  The  solvent  and 
excess  of  aniline  were  then  distilled  off  in  steam. 
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The  aqueous  solution  was  filtered  and  made  acid  to  congo  red  with  hydrochloric  acid.  The  orange  precipi¬ 
tate  formed  was  washed  and  dried.  The  yield  was  0.9  g.  Recrystalllzatlon  from  alcohol  gave  shining  orange-red 
leaflets  of  m.p.  224-226*. 

Found  <7o:  C  57.895  H  3.89;  N  9.81.  Ci^HyOgNi.  Calculated  C  58.33;  H  4.20;  N  9.71. 

Preparation  of  2-methoxy-3-nltro-9-chloroacrldlne  by  the  cycllzatlon  of  4-methoxy-5-nltro-dlphenylamlne- 
-2-carboxyllc  acid.  A  mixture  of  0.65  g  bf  4-methoxy-5-nltro-diphenylamine-2-carboxylic  acid  with  5  ml  of 
phosphoms  oxychloride  was  heated  In  a  round- bottom  flask,  under  reflux,  on  a  metal  bath  at  120-130*,  for  3  hours. 
Excess  phosphorus  oxychloride  was  distilled  off  on  a  water  bath  under  a  wate^pump  vacuum.  Ice  and  5%  ammonia 
were  added  to  the  residue.  The  oil  formed  was  converted  to  a  yellow  powder  on  shaking,  and  dils  was  separated, 
washed  and  dried.  The  yield  was  0.6  g.  Recrystalllzatlon  from  dlchloroethane  gave  green -yellow, -needle- shaped 
crystals,  of  m.p.  205-206*,  datker  than  crystals  of  l-nltro-2-methoxy-9-chloroacridine. 

Found  C  57.91;  H  3.21;  N  9.46.  Ci4H903N2Cl.  Calculated  loi  C  58.26;  H  3,15;  N  9.70. 

SUMMARY 

1.  The  previously  unknown  3’-nltro-4’-methoxydlphenylamlne-2-carboxyllc  acid  has  been  synthesized. 

2.  It  has  been  shown  that  only  one  of  the  possible  Isomers  “  l-nitro-2-methoxy-9-chloroacridlne  —  Is  formed 
by  the  cycllzatlon  of  3*-nitro-4’-methoxydlphenylamine-2-carboxyllc  acid  with  phosphorus  oxychloride. 

3.  In  the  course  of  demonstrating  the  stmcture  of  this  Isomer,  the  previously  unknown  4-methoxy-5-nltro- 
dlphenyla mine -2 -carboxylic  acid  has  been  synthesized  and  converted  Into  2-methoxy-3-nitro-9-chloroacrldlne. 
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ORIENTATION  IN  SUBSTITUTION  IN  THE  AROMATIC  NUCLEUS 
IV.  SULFONATION  OF  CHLOROBENZENE 

A.  A.  Spryskov  and  O.  I.  Kachurgin 

Chlorobenzene  was  first  sulfonated  with  fuming  sulfuric  acid  in  1857  [1].  The  product  was  p -chlorobenzene - 
sulfonic  acid,  but,  later,  the  formation  of  bis-(4-chlorophenyl)sulfone  was  also  observed  [2].  In  the  next  100  years, 
the  sulfonation  of  chlorobenzene,  by  different  sulfonatlng  agents  under  various  conditions,  was  the  subject  of  a  number 
of  investigations  [3-8].  No  other  products  than  p-chlorobenzenesulfonic  acid  were  ever  obtained,  and  this  work  was 
die  basis  for  Holleman's  [9]  sutement  that  sulfonation  of  chlorobenzene  gave  100%  of  p-isomer  and  that  the  m- 
and  o-isomers  were  completely  absent  in  the  sulfonation  product.  The  results  quoted  in  these  references  are  quite 
definite,  but  the  audiors  did  not  investigate  all  possible  conditions  of  sulfonation. 

But,  considering  some  of  the  rules  for  the  orientation  of  substituents  in  the  benzene  nucleus,  it  would  appear 
that  the  formation  of  the  ortho  isomer  should  be  possible  by  direct  sulfonation,  and  that  the  formation  of  the  meta 
isomer  should  not  be  impossible  under  certain  conditions.  The  meta  isomer  is  the  most  resistant  to  the  reverse  reac¬ 
tion  of  desulfonadon  [10],  and  its  formation  during  sulfonation  occurs  at  a  very  low  rate  because  of  the  high  value 
of  the  activation  energy  for  substitution  in  the  meta  position  [11].  The  amount  of  the  stable  isomer  formed  should 
Increase  with  the  activity  of  the  sulfonating  agent  and  with  increasing  temperature  of  reaction  [12].  Proceeding 
from  ±is  basis,  we  were  able  to  demonstrate  the  formation  of  both  o-  and  m-chlorobenzenesulfonic  acids  by  the 
direct  sulfonation  of  chlorobenzene,  which  was  the  object  of  this  investigation. 

To  investigate  the  possibility  of  forming  the  ortho  isomer,  we  sulfonated  chlorobenzene  with  100%  sulfuric 
acid  at  room  temperature.  From  the  resulting  sulfonic  acid  we  obtained  a  sulfonyl  chloride  with  a  setting  point  of 
52.5*,  which,  according  to  the  thermal  curve  [13],  corresponds  to  a  para  isomer  content  of  99.4%.  Sulfonation  with 
chlorosulfonic  acid  at  —15*  gave  a  sulfonyl  chloride  with  the  same  setting  point.  Believing  that  the  obstacle  to 
the  formation  of  the  ortho  isomer  might  be  steric  hindrance,  caused  by  the  large  size  of  the  sulfonating  forms  HSOs'*' 
or  HjSOs+,  we  investigated  the  sulfonation  of  chlorobenzene  with  sulfuric  anhydride  in  dichloroethane  at  low  tem¬ 
peratures.  The  results  of  these  experiments,  given  in  Table  1,  showed  that  sulfonation  with  sulfuric  anhydride  did 
give  a  mixed  product,  the  content  of  the  ortho  isomer  increasing  with  decreasing  temperature. 

o-Chlorobenzenesulfonyl  chloride  was  isolated  from  the  product  of  the  last  experiment,  using  their  arylamlne 
salts  to  separate  the  isomers. 

It  thus  appears  that  there  is  considerable  steric  hindrance  to  the  formation  of  the  ortho  isomer,  and  that  the 
sulfonating  form  of  sulfuric  anhydride  differs  in  volume  from  the  sulfonating  forms  of  sulfuric  acid  and  chlorosul¬ 
fonic  acid. 

In  order  to  investigate  the  possibility  of  the  formation  of  the  meta  isomer,  chlorobenzene  was  sulfonated 
with  sulfuric  acid  at  temperatures  from  150  to  238*.  The  experimental  results  given  in  Table  2 
showed  that  formation  of  m-chlorobenzenesulfonic  acid  began  at  150*  or  at  a  slightly  higher  temperature.  The 
amount  formed  increased  with  rise  in  temperature  and  with  duration  of  the  reaction.  The  meta  isomer  was  not 
formed  in  analytically  detectable  quantity  in  the  primary  process  of  sulfonation  at  low  temperatures.  At  150* 
and  above,  the  quantity  of  the  meta  isomer  increased,  not  only  by  its  formation  in  the  primary  process,  but  also 
as  the  result  of  isomerization  of  sulfonic  acid,  the  latter  process  being  favored  by  the  greater  stability  of  the  meta 
isomer  towards  desulfonation  [10].  It  appears  that  a  condition  approaching  equilibrium  between  the  isomers  was 
achieved  after  20  hours  at  238*.  The  ortho  isomer  was  absent  from  all  the  mixtures  of  Table  2.  The  para  and 
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TABLE  1 

Sulfonation  of  Chlorobenzene  in  Dichloroethane  with  Sulfuric  Anhydride 


Sulfonation 

temperature 

Setting  point  of 
the  acid  chloride 
obtained 

Content  of  ortho 
isomer  according 
to  thermal  curve 
i’lo) 

Formation  of  sulfone 
(as  %  of  sulfonic 
acid) 

-12* 

50.2* 

5.8 

3.4 

“5  to  0 

51.4 

3.2 

5.3 

—  0  to  +  5 

52.0 

1.8 

- 

meta  isomers  formed  were  separated  by  making  use  of  the  solubility  differences  of  some  of  their  arylamine  salts. 

Thus,  more  than  507o  of  meta  isomer  was  obtained  by  sulfonating  chlorobenzene  for  12-15  hours,  at  238*. 
There  was  a  change  in  orientation  even  at  relatively  low  temperatures,  principally  due  to  isomerization,  a  factor 
which  restricts  the  application  of  the  classical  rules  of  substitution  in  the  benzene  nucleus, 

EXPERIMENTAL 

Sulfonation  of  chlorobenzene.  The  sulfonation  of  chlorobenzene  at  low  temperatures  was  carried  out  in  a 
three-necked  flask,  fitted  with  a  stirrer  and  a  thermometer.  Chlorobenzene  (5.63  g)  was  dissolved  in  20  ml  of 
dichloroethane  and  kept  at  — 12*,  while  4.5  g  of  sulfuric  anhydride  vapor  was  introduced  through  a  tube  leading 
into  the  solution,  over  a  period  of  2  hours. 

TABLE  2 

Sulfonation  of  Chlorobenzene  with  100%  Sulfuric  Acid. 


Reaction 

temperature 

Duration 
(in  hours) 

Chloroben¬ 
zene  used 
(mole  per 
mole  H2SO4) 

Concentra  - 

tion  of  sul¬ 
furic  acid 

used  in 

mixture 

(%) 

Chloro¬ 
benzene 
sulfonated 
(%  of 
taken) 

Sulfone 
formed  (in 
mole  %  of 
chloroben¬ 
zene  sul¬ 
fonated) 

Setting  point 
of  mixture 
of  sulfonyl 
chlorides 

Amount  of  meta  isomer 
(%  of  total  sulfonic 
acids) 

thermal 

analysis 

amination 

and  bromina- 

tion 

150* 

10 

0.762 

78.0 

52.4* 

0.6 

170 

10 

0.795 

76.8 

51.6 

2.8 

183.5 

10 

0.751 

78.2 

49.5 

7.3 

7,0 

202.5 

10 

0.760 

79.3 

47.9 

10.4 

10.4 

220 

10 

0.796 

78.0 

79.5 

2,4 

41.0 

23.5 

220 

20 

0.796 

77.8 

78.0 

4.7 

33.9 

35.4 

35.5 

220 

40 

0.796 

77.7 

78.1 

4.8 

27.2 

45.5 

238 

5 

0.754 

76.5 

83.6 

5.6 

33.2 

36.5 

238 

10 

0.754 

76.0 

84.8 

7.1 

25.6 

47.6 

47.5 

237 

20 

0.703 

77.5 

86.5 

6.4 

238 

20 

0.754 

75.7 

85.5 

7.5 

20.0 

55.1 

238 

34.5 

0.754 

74.2 

87.9 

7.3 

19.7 

55.5 

The  mixture  was  maintained  at  —  11*  for  20  hours  and  then  poured  into  water,  the  solution  was  neutralized 
with  soda,  and  the  dichloroethane  layer  was  separated.  Evaporation  of  the  dichloroethane  yielded  0.34  g  of  sulfone. 

The  aqueous  solution  was  evaporated  to  dryness,  and  phosphorus  pentachloride  was  used  to  convert  the  salt  into  the 
acid  chloride,  which  melted  at  50.2*  after  distillation. 

In  order  to  isolate  the  ortho  isomer,  the  aqueous  solution  of  the  sulfonate  from  the  last  experiment  (see  Table  1), 
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in  which  56.2  g  of  chlorobenzene  was  sulfonated,  was  treated  with  a  hot  saturated  solution  of  75  g  of  phenylhydra- 
zine  hydrochloride.  The  salt  of  the  para  isomer  (Sl.G^o)  separated  on  cooling,  and  still  more  of  this  salt  was  de¬ 
posited  when  the  filtrate  was  concentrated  to  a  volume  of  150  ml.  The  filtrate  was  neutralized,  the  phenylhydra- 
zine  was  extracted  with  ether,  and  the  solution  was  treated  with  a  saturated  solution  of  4.5  g  of  o-dianisidine  hy¬ 
drochloride.  The  solution  was  concentrated  to  50  ml  and  cooled  to  0",  when  the  o-dianisidine  salt  of  the  ortho 
isomer  was  precipitated.  This  salt  was  decomposed  with  alkali,  the  amine  was  extracted  with  ether,  and  the  re¬ 
sulting  alkali  salt  was  used  to  form  a  fresh  precipitate  of  the  o-dianisidine  salt.  This  was  again  decomposed  with 
alkali,  and  from  it  was  obtained  0.5  g  of  the  acid  chloride  of  setting  point  24*.  Admixture  with  a  pure  sample  of 
the  ortho  acid  chloride  gave  no  depression. 

TABLE  3 


Formation  of' Precipitate  on  Addition  of  the  Stated  Volume  of  a  Solution  of  the  Sodium  Sulfonate  to  10  ml  of  a 
Solution  of  Amine  Hydrochloride 


Solution  of  hydrochloride 

Normality 

I 

0.05  N  solutions  of  the  respective  isomeric  sodium 
chlorobenzene  sulfonates  (ml) 

ortho 

1 

meta 

para 

Aniline . 

0.5 

14  (no  ppt.). 

14  (no  ppt.) 

14  (no  ppt.) 

o-Toluidine  . 

0.5 

11  (no  ppt.) 

14  (no  ppt.) 

14  (no  ppt.) 

m-Toluidine . 

0.5 

2.4 

14  (no  ppt.) 

14  (no  ppt.) 

m-4-Xylidine . 

0.5 

2.0,  0.6  (0*) 

14  (no  ppt.) 

14  (no  ppt.) 

Pseudocumidine . 

0.5 

0.75 

0.92 

1.5 

o-Anisidine . 

0.5 

11  (no  ppt.) 

14  (no  ppt.) 

5  (no  ppt.) 

p-Anisidine . 

0.5 

14  (no  ppt.) 

12  (no  ppt.) 

12  (no  ppt. 

Benzidine  . 

Saturated 

2.0 

0.7 

0.45 

solution 

o-Toluidine . 

The  same 

2.0 

6.0 

4.5 

o-Dianlsidine . 

0.2 

2.0 

14  (no  ppt.) 

14  (no  ppt.) 

1-Naphthylamine . 

0.2 

1.0 

1.5 

1.5 

2-Naphthylamlne . 

0.18 

0.6 

0.4 

0.03 

Benzylisothiourea . 

0.5 

1.0 

0.7 

0.5 

m-Nitroaniline . \ 

Saturated 

6.0 

4.0 

4.5 

p-Nitro-o-toluidine .  \ 

solution  in 

10  (no  ppt.) 

2.5 

0.55 

m-Nitro-o-anisidine .  1 

2  N  HCl 

3.0,  0.5  (0*) 

14  (no  ppt.) 

13 

Phenylhydrazine . 

0.5 

14  (no  ppt.) 

2.0 

0.03 

p-Aminoacetophenone . 

0.5 

14  (no  ppt.) 

10  (no  ppt.) 

14  (no  ppt.) 

The  sulfonation  of  chlorobenzene  at  high  temperatures  (see  Table  2)  was  carried  out  with  IQQPjo  sulfuric  acid 
in  sealed  tubes,  heated  in  a  thermostat  controlled  to  within  ±  0.5*  of  the  stated  temperature.  At  238"  the  varia¬ 
tion  was  ±  1*.  The  sulfonation  product  was  analyzed  by  the  method  previously  described  [13],  Since  the  ortho 
isomer  was  not  formed  at  high  temperatures,  in  a  number  of  the  experiments  we  only  made  use  of  the  thermal 
method  of  analysis. 

Use  was  made  of  the  difference  in  solubilities  of  the  phenylhydrazine  and  pseudocumldine  salts  of  the  para 
and  meta  isomers  in  order  to  isolate  the  meta  isomer  from  the  sulfonation  product.  The  product,  from  the  sulfona¬ 
tion  of  15  g  of  chlorobenzene  for  20  hours  at  238*,  was  poured  into  water  and  neutralized  with  barium  carbonate, 
with  addition  of  soda  to  form  the  sodium  sulfonate.  The  barium  sulfate  was  separated  off,  the  solution  was  concen¬ 
trated  to  88  ml  and  brought  to  the  boil,  and  6.7  g  of  phenylhydrazine  hydrochloride  was  added.  After  standing  over¬ 
night,  tlie  salt  of  the  para  isomer  was  filtered  off,  and  the  filtrate  was  treated  with  a  solution  of  7  g  of  pseudocumi- 
dine  hydrochloride  (the  total  volume  of  the  solution  was  325  ml).  After  2  hours,  the  salt  precipitated  was  filtered 
off,  washed  and  decomposed  with  alkali  solution.  The  amine  was  extracted  with  ether,  the  aqueous  solution  was 
evaporated  to  dryness  to  give  5.44  g  (~  45%)  of  the  sodium  salt,  and  this  was  converted  by  PCI5  to  4.48  g  of  m- 
-chlorobenzeiicsulfonyl  chloride  of  setting  point  23.5*,  which,  according  to  the  thermal  curve  [13],  corresponded 
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to  94.8%  of  meta  isomer.  Admixture  with  a  sample  of  the  pure  m-chloride  gave  no  change  in  *e  setting  point. 

The  sulfonation  products  of  the  last  two  experiments  (Table  2)  were  checked  for  the  presence  of  disulfonate. 
Thus,  the  barium  content  was  determined  for  the  barium  salt,  obtained  from  the  acid  chloride  isolated  in  die 
penultimate  experiment.  The  chloride  from  the  last  experiment  was  hydrolyzed  with  water  in  pyridine  solution, 
and  the  total  acid  was  titrated  with  0.1  N  alkali  in  order  to  calculate  the  molecular  weight.  The  chlorine  in  the 
solution  was  determined  gravimetrically. 

Found  %:  Ba  26.44;  Cl  16.76.  M  210.6.  C^HgOjSjCliBa.  Calculated  %;  Ba  26.39;  Cl  16.81.  M  211.0. 

The  quantity  of  sulfone  formed  increased  with  rising  temperature  and  duration  of  sulfonation.  We  set  out 
to  reduce  the  sulfone  formation  in  an  experiment  at  237*  by  reducing  the  amount  of  chlorobenzene  taken  to  0.7 
mole  per  mole  of  acid.  The  sulfone  content  of  the  product  was  then  reduced  to  1%. 

Arylamine  salts.  Semiquantitative  measurements  were  made  on  the  solubilities  of  the  salts  of  the  different 
chlorobenzene  sulfonic  acids  with  18  amines,  with  a  view  to  their  possible  use  for  determining  the  isomers.  A 
0.05  N  solution  of  the  sodium  sulfonate  was  run  slowly  from  a  buret  into  10  ml  of  an  aqueous  solution  of  the  amine 
hydrochloride,  until  a  precipitate  was  formed.  Stirring  with  a  glass  rod  was  used  to  prevent  the  formation  of  super¬ 
saturated  solutions.  A  precipitate  of  the  amine  salt  was  formed  when  the  stated  quantity  (in  ml)  of  the  sodium  sul¬ 
fonate  solution  had  been  added.  Readily  soluble  salts  did  not  precipitate  when  a  considerable  quantity  of  the  sodium 
sulfonate  had  been  added.  The  results,  shown  in  Table  3,  gave  an  estimate  of  the  solubilities  of  the  salts  in  the 
presence  of  excess  of  amine  hydrochloride,  and  also  indicated  which  amines  were  suitable  for  isolating  the  isomeric 
chlorobenzenesulfonic  acids. 

Thus  2-naphthylamine  could  be  used  for  precipitating  all  three  isomers.  We  used  phenylhydrazine  to  separate 
the  para  from  the  ortho  isomer,  and  the  latter  was  isolated  by  means  of  m-4-xylidine,  but  quantitative  separation 
of  the  isomers  by  means  of  their  arylamine  salts  was  incomplete. 

SUMMARY 

1.  For  the  first  time,  1.8-5. 8%  of  o-chlorobenzenesulfonic  acid  has  been  obtained  by  the  sulfonation  of 
chlorobenzene,  using  sulfuric  anhydride  at  “  12  to  +  3*. 

2.  The  formation  of  m -chlorobenzenesulfonic  acid  has  also  been  observed  for  the  first  time  in  the  sulfonation 
of  chlorobenzene,  at  temperatures  from  150  to  238*,  the  quantity  formed  increasing  to  a  limiting  value  with  in¬ 
creasing  temperature  and  time  of  reaction.  Sulfonation  with  sulfuric  acid  at  238*,  for  12-15  hours,  gave  a  mixture 
of  chlorobenzenesulfonic  acids  containing  50%  of  die  meta  isomer.  The  ortho  isomer  was  not  formed  at  these  high 
temperatures. 

3.  The  change  in  the  ratio  of  the  isomers  observed  at  high  temperatures  restricts  the  application  of  the 
classical  rules  of  substitution  in  the  benzene  nucleus. 

4.  Semiquantitative  determinations  have  been  made  of  the  solubilities  of  the  salts  of  the  o-,  m-  and  p-chloro- 
benzene  sulfonic  acids  with  18  amines. 


LITERATURE  CITED 

[1]  L.  Hutchings,  J.  pr.  Ch.,  73,  60  (1858). 

[2]  R.  Otto,  Lieb.  Ann.,  145,  29  (1868). 

[3]  R.  R.  Baxter  and  F.  Chattaway,  J.  Chem.  Soc.,  107,  1815  (1915). 

[4]  Ch.  Courtot  and  J.  Bonnet,  C.  r.,  182,  856  (1926). 

[5]  E.  Gilbert  et.  al,  Ind.  Eng.  Ch.,  45,  2065  (1953). 

[6]  USA  Patent  2593001  (1952). 

[7]  I.  Tanasescu  and  M.  Macarovici,  Bull.  Soc.  Chim.,  (5),  5,  1126  (1938). 

[8]  A.  M.  Grigorovskii,  N.  N.  Dykhanov  and  Z.  M.  Kimen,  J.  Appl.  Chem.,  28,  616  (1955).* 

♦Original  Russian  pagination.  See  C.B.  translation. 


2253 


[9]  A.  F.  Holleman.  Chm.  Revs.,  1.  187  (1924). 

[10]  A.  A.  Spryskov  and  N.  A.  Ovsiankina,  J.  Gen.  Chem.  24,  1810  (1954).* 

[11]  W.  W.  Jones  and  M.  Russell,  J.  Chem.  Soc.,  1947,  921. 

[12]  A.  A.  Spryskov,  and  T.  I.  Iakovleva,  J.  Gen.  Chem.,  27,  239  (1957).* 

[13]  A.  A.  Spryskov,  and  O.  I.  Kachurin,  J.  Gen,  Chem.  27,  3072  (1957).* 

Received  July  6,  1957  Ivanov  Chemicotechnological  Institute 


I* 


•Original  Russian  pagination.  See  C.B.  translation. 


2254 


THE  STUDY  OF  CHITIN 
III.  HYDROXYETm'L  AND  ETHYL  ETHERS  OF  CHITIN 

S.  N.  Danilov  and  E.  A.  Plisko 


We  have  noted  previously  that  the  formation  of  chitin  ediers  is  difficult  because  chitin  swells  very  weakly 
in  alkaline  solutions  [1].  A  study  of  its  heat  of  swelling  in  caustic  soda  solutions  [2]  showed  that  the  interaction 
of  chitin  with  alkali  is  difficult. 

Preliminary  experiments  on  the  formation  of  hydroxyethyl  esters  of  chitin  showed  that  these  were  not  pro¬ 
duced  under  the  conditions  used  for  the  synthesis  of  hydroxyethyl  ethers  of  cellulose .  The  conditions  for  ether 
formation  and  for  activation  with  alkali  were  changed;  the  chitin  was  processed  with  alkali  solution  with  freezing. 
Etherification  was  carried  out  at  higher  temperature  and  for  a  longer  time.  Chitin  of  a  different  particle  size  was 
also  used  for  the  etherification,  and  the  mole  ratio  of  chitin  to  ethylene  oxide  was  altered.  Hydroxyethyl  ethers 
with  a  high  degree  of  etherification  and  which  were  soluble  in  aqueous  caustic  soda  and  in  water  were  obtained. 

The  ethylation  of  the  alkali  derivative  of  chitin  was  carried  out  with  ethyl  chloride  in  sealed  tubes  and  in 
an  autoclave.  Temperature  conditions  were  established  which  gave  chitin  ethyl  ethers  with  a  degree  of  substitution 
of  about  1.5,  and  these  were  soluble  in  organic  solvents,  did  not  swell  in  water  and  formed  films  with  good  mechani¬ 
cal  properties. 


EXPERIMENTAL 


1.  Hydroxyethyl  Ethers  of  Chitin 

Pulverized  chitin,  obtained  from  crab  shells  [3],  was  used  for  the  synthesis  in  the  form  of  its  alkali  derivative, 
and  this  was  treated  with  twice  the  theoretical  quantity  of  ethylene  oxide  (b.p.  14*  at  747  mm).  Conditions  were 
established  which  gave  hydroxyethyl  ethers  soluble  in  water,  in  dilute  alkali  and  In  dilute  acetic  and  formic  acids. 

Some  of  the  more  characteristic  experiments  have  been  selected  from  a  large  number  of  syntheses  in  which 
the  particle  size  of  the  chitin  was  varied  from  1  to  3  mm,  the  concentration  of  alkali  from  20  to  43*70,  the  mercer - 
ization  temperature  from  room  temperature  to  ~  70",  the  etherification  temperature  between  16,  30,  50  and  70*  and 
the  duration  between  10,  20  and  30  hours. 

a)  Chitin  (6.8  g  of  sample  2,  Table  1)  was  passed  through  a  1  mm  sieve,  placed  in  a  150  ml  flask  and 
treated  with  100  ml  of  43*70  aqueous  caustic  soda.  The  flask  was  stoppered,  placed  in  solid  carbon  dioxide  in  a 
Dewar  flask  for  20  minutes,  and  then  allowed  to  stand  at  room  temperature  for  1  hour.  The  cooling  operation  was 
repeated  three  times.  The  swollen  alkali  derivative  of  chitin  obtained  was  squeezed  out  to  a  third  of  its  weight, 
disintegrated  and  heated  in  an  autoclave,  with  a  solution  of  13.4  ml  of  ethylene  oxide  in  30  ml  of  acetone,  for 
15  hours  at  50*,  after  which  the  second  half  of  the  ethylene  oxide  was  added,  and  the  mixture  was  again  heated 
for  15  hours  at  the  same  temperature. 

After  this  30  hours  heating  at  50*,  with  a  mole  ratio  of  chitin  to  ethylene  oxide  of  1  :  16,  the  product  was 
yellow  and  very  viscous.  Strong  swelling  and  partial  dissolution  made  it  difficult  to  free  the  chitin  hydroxyethyl 
ether  from  alkali  and  secondary  products  by  washing  with  water  on  a  filter,  so  it  was  electrodialyzed  until  there 
was  no  further  reaction  for  alkali  in  the  cathodic  compartment.  The  ether  was  then  separated  from  the  solution 
by  addition  of  acetone,  which  precipitated  it  in  the  form  of  a  white  voluminous  mass.  The  product  was  washed 
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three  or  four  times  with  acetone  by  decantation,  transferred  to  a  filter,  washed  with  ether  and  dried  in  a  vacuum 
dessicator  widiout  heating  (yield  6.2  g). 

After  drying,  the  product  swelled  less  than  beforehand  in  water,  dilute  alkali  and  dilute  acetic  and  formic 
acids.  The  use  of  a  lower  concentration  of  mercerizing  alkali  (19.5%),  and  four  coolings  to  —  40*,  gave  an  ether 
(sample  1,  Table  1)  with  a  lower  degree  of  substitution. 

In  other  experiments  (sample  3,  Table  1),  the  alkali  de¬ 
rivative  of  chitin  was  treated  with  ethylene  oxide  in  benzene 
solution,  for  30  hours  at  70*,  with  a  mole  ratio  of  chitin  to 
ethylene  oxide  of  1  : 16.  The  reaction  product  was  a  slightly 
yellow,  pasty  mass.  The  benzene  was  removed,  and  the  product, 
which  swelled  and  dissolved  in  water,  was  allowed  to  stand.  It 
was  purified  by  dialysis,  or  electrodialysis,  and  separated  from 
the  solution  by  addition  of  acetone.  A  freshly  precipitated  sample 
(before  drying)  dissolved  readily  in  water,  4-8%  aqueous  caustic 
soda,  3%  acetic  and  oxalic  acids,  and  40-50%  phosphoric  acid; 
it  could  be  precipitated  from  these  solutions  by  acetone.  After 
drying  in  a  vacuum  desiccator,  the  product  swelled  strongly  in 
the  above  solvents. 

It  was  established  that  the  best  conditions  for  synthesizing  water-soluble  hydroxyethyl  chitin  ethers  were  as 
follows  —  mercerization  with  43%  caustic  soda,  cooling  1  to  3  times  to  low  temperatures,  a  squeezing  coefficient 
of  about  3,  an  etherification  temperature  of  +  70*,  a  time  of  30  hours,  16  mole  of  ethylene  oxide  to  1  of  chitin  and 
a  chitin  particle  size  of  1  mm.  Other  conditions  gave  ethers  which  only  swelled  in  water  or  dilute  alkali,  or  did 
not  even  swell.  The  slightly  broken  down  and  etherifled  products  dissolved  like  chitin  in  60%  sulfuric,  78%  phosphoric 
and  50%  nitric  acids.  The  more  highly  etherifled  chitin  ethers  dissolved  in  4-8%  caustic  soda,  in  water  and  in  dilute 
acetic  acid. 

Some  of  the  samples  were  analyzed  for  C,  H  and  N,  and  their  formulae  were  calculated.  Analyses  of  samples 
1.  2  and  3  are  shown  in  Table  1. 

TABLE  1 

Analyses  of  Hydroxyethyl  Ethers  of  Chitin 
Content  (%) 

C  H  N  CH3CO 

1  48.72  7.19  5.20  12.65 

2  49.21  7.49  5.00  — 

3  50.12  8.14  3.92  5.50 


Sample  1  was  nitrated,  with  a  nitration  mixture  containing  24.86%  HNO3,  71.55%  H2SO4  and  3.59%  H2O,  for 
2  hours  at  23-24*.  The  product  contained  5.71%  of  nitrogen  (Lunge),  which’ corresponded  to  1.34  hydroxyl 
groups  (see  Table  1). 

Fig.  1  shows  the  intrinsic  viscosity  of  chitin  hydroxyethyl  ether  (sample  3)  in  water  and  in  2.26%  acetic  acid. 

It  is  apparent  that  the  intrinsic  viscosity  is  nearly  five  times  as  great  in  acetic  acid  as  in  water,  while  the  slopes 
of  the  curves,  characteristic  of  the  interaction  of  solvent  with  solute,  are  almost  the  same. 

2.  Ethyl  Ethers  of  Chitin 

We  obtained  the  previously  unknown  chitin  ethyl  ethers  by  the  action  of  ethyl  chloride  on  the  alkali  derivative 
of  chitin.  The  latter  was  obtained  by  treating  chitin  with  two  lots  of  concentrated  alkali  solution  for  20-30  minutes 


Expt. 

No. 


Number  of 
Composition  CH2CH2OH 
groups 

C1n.nH10.4O6  5  1.44 

C11.7H21.4O6.8  1-74 

Ci4.sH;>i.)0(i_4  2.93 


n  0.1  0.2  0.3  au  0.5 


c  (g/lOO  ml) 

Fig.  1.  Viscosity  concentration  curves  for 
solutions  of  the  hydroxyethyl  ether  of  chitin. 
1)  In  water;  2)  in  2.26%  acetic  acid. 


2256 


at  room  temperature.  The  product  obtained  was  either  allowed  to  mature  at  room  temperature  for  24  hours  or 
ethylated  at  once.  Ethylation  was  first  carried  out  in  glass  ampules,  which  were  charged  with  the  alkali  derivative 
of  chitin  and  cooled  before  adding  ethyl  chloride  mixed  with  benzene  (75<7o  of  the  amount  of  ethyl  chloride).  The 
ampules  were  then  sealed  and  placed  in  a  thermostat  for  heating  to  the  requisite  temperature. 

Preliminary  experiments  showed  that  ethylation  was  incomplete  after  10  hours  at  100-120*,  and  that  the 
main  product  was  weakly  ethylated  and  swelled  in  alcohol.  Raising  the  ethylation  temperature  to  130*  and  reduc¬ 
ing  the  time  of  reaction  to  5  hours  did  not  lead  to  any  improvement  in  the  solubility  of  the  product  in  organic 
solvents. 

In  subsequent  experiments  the  time  of  reaction 
was  increased  to  10  hours,  and  the  temperature  was 
controlled  as  follows:  1  hour  up  to  60*,  1  hour  up  to 
80*,  1  hour  up  to  130*  and  7  hours  at  130*.  Products 
with  a  higher  ethoxy  content  were  obtained  in  this 
way,  and  their  solubility  in  organic  solvents  was  con¬ 
siderably  increased.  But  ethylation  in  ampules  gave 
very  heterogeneous  productt,  because  the  ampules 
were  not  stirred,  and  formation  of  a  film  of  ethylated 
chitin  on  the  surface  of  the  chitin  macromolecule  re¬ 
tarded  the  diffusion  of  ediyl  chloride  into  die  interior 
of  the  macromolecule.  Ethylation  took  place  much 
better  in  an  autoclave  with  a  rotating  stirrer  under  the 
same  conditions  as  above. 

The  products  obtained  were  almost  completely 
soluble  in  organic  solvents.  The  isolation  and  purifica¬ 
tion  of  the  ethylated  chitin  was  carried  out  by  a  mediod 
similar  to  that  used  for  the  purification  of  ethylcellulose 
[4].  A  difference  between  ethylchitin  and  ethylcellulose 
was  that  the  former  did  not  melt,  but  began  to  decom¬ 
pose  at  180-190*  in  the  presence  of  air,  and  at  200-210*  in  vacuo. 

A  full  analysis  was  carried  out  on  a  selected  sample  for  C,  H,  N,  CjHjO-,  CHsCO-  and  -OH.  Free  hydroxyl 
was  also  determined  by  the  Van  Slyke  method,  since,  under  the  conditions  of  the  reaction,  acetyl  groups  could 
split  off  from  nitrogen. 

TABLE  2 

Analysis  of  Ethylated  Chitin 


Fig-  2.  Effect  of  solvent  on  the  slope  of  the  curve  and 
on  the  intrinsic  viscosity. 

1)  o-Xylenej  2)  benzene;  3)  toluene;  4)  methyl- 
ethyl  ketone;  5)  1  :  4  mixture  of  alcohol  and  ben¬ 
zene;  6)  chloroform. 


Content  {’’Id) 


c 

H 

N 

C,H,0 

CHjCO 

OH 

NH, 

54.98 

9.22 

6.19 

33.83 

4.53 

2.75 

2.04 

Table  2  shows  the  analysis  of  the  sample,  obtained  from  chitin  which  had  been  mercerized  with  50%  caustic 
soda  for  half  an  hour.  Ethylation  was  carried  out  in  an  autoclave,  in  the  presence  of  16  mole  of  caustic  soda  and 
15  mole  of  ethyl  chloride  for  each  mole  of  chitin,  over  a  period  of  10  hours  and  a  temperature  range  of  60  to  130*. 

On  the  basis  of  this  analysis  the  sample  had  the  composition  C9.5H17.53N0.91O4. 14  and  the  formula 
[CoH702(OHWNH2)„.7o(NHCOCH3)o.2,(OC2H5)i.,„]„. 


Measurements  of  viscosity  were  carried  out  on  this  sample  in  dilute  solution  in  o-xylene,  benzene,  toluene. 
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methylethyl  ketone,  chloroform  and  a  1  ;  4  mixture  of  alcohol  and  benzene,  at  20*,  using  an  Ubbelohde  suspended 
level  viscometer  [5]. 


The  results  are  shown  in  Fig.  2,  from  which  it  appears  that  the  intrinsic  viscosity  in  the  different  solvents 
varies  between  2.3  and  2.6.  The  viscosity  curves  have  different  slopes  which  are  characteristic  of  the  interaction 
between  solvent  and  solute,  l.e.,  the  solvent  power  of  the  solvent.  According  to  the  data  of  Spurlin  [6]  and  Alfrey 
[7],  a  steep  slope  corresponds  to  a  bad  solvent.  So  in  our  case  the  best  solvent  was  the  1  ;  4  mixture  of  alcohol 
and  benzene. 

The  molecular  weight  of  the  sample  of  Table  2  was  determined  in  methylethyl  ketone  by  sedimentation  in 
an  ultracentrifuge,*  and  was  found  to  be  66,000. 


TABLE  3 

Hygroscopicity  of  Ethylchitin  after  24  Hours  at  Room  Temperature 


Hygroscopicity  in  air  of  relative 

No. 

Sample 

Ethoxyl 

humidity 

(in  %) 

42.0 

62.0 

96.5 

1 

Ethylchitin . 

33.83 

0.51 

2.05 

5.55 

2 

Ethylcellulose  grade  NI . 

0.79 

2.54 

Ethylated  chitin  differed  from  e±ylcellulose  in  that  it  was  quite  highly  hygroscopic,  as  may  be  seen  in  Table 
3.  The  hygroscopicity  evidently  increased  because  of  the  partial  removal  of  acetyl  from  the  acetamide  groupings. 

Ethylated  chitin,  containing  33.83*^  of  ethoxyl,  dissolved  in  various  organic  solvents,  and  gave  clear  5<7o  solu-* 
tions  in  alcohols  (mediyl,  ethyl,  butyl,  isobutyl,  hexyl,  cyclohexyl,  benzyl),  ketones  (acetone,  cyclhexanone, 
methylethyl  ketone),  halogen  derivatives  (chloroform),  esters  (diediyl  and  dlbutyl  phosphates,  butyl  acetate,  iso¬ 
amyl  acetate),  and  in  benzene,  toluene,  xylene  and  their  2QPlo  mixtures  with  alcohol. 


TABLE  4 

Properties  of  Ethylchitin  Films 


No. 

of  sample 

Tensile  strength 
(kg/  mm*) 

Extension  at 
rupture  (%) 

[n] 

Dielectric  constant 

1 

6.8-7.3 

15.1-22.8 

2.30 

2 

6.4-7.1 

23.0-23.9 

1.40 

E  3.20  at  f  10*  and  tan  6  4.66  •  10"* 

3 

5.5-5.9 

5. 1-8.1 

1.73 

The  viscosity  of  a  5%  solution  in  a  1  :  4  mixture  of  alcohol  and  benzene  at  20*  was  484  centipoises. 

A  film  was  cast  from  a  concentrated  solution  (5-8%)  of  ethylchitin  in  alcdiol  -  benzene  mixture.  The  so¬ 
lution  had  previously  been  filtered  under  pressure  through  a  No.  1  Schott  filter.  The  film  was  cast  on  a  carefully 
cleaned  glass  surface.  After  the  solvent  had  evaporated,  the  film  was  allowed  to  dry  in  air  before  drying  out  at 
60-80*  in  a  vacuum  desiccator  for  5-6  days.  The  films  were  tested  for  yield  strength  and  extension  (Table  4). 
Samples  did  not  soften  on  heating. 

It  appears  from  Table  4  that  the  tensile  strength  varied  between  5.5  and  7.3  kg/  mm*  and  the  extension 
between  5  and  23%.  Films,  made  from  ethylated  chitin  prepared  in  ampules,  showed  a  lower  tensile  stength  and 
a  lower  extension,  since  under  these  conditions  there  was  a  greater  degradation  of  the  alkali  derivative  of  chitin 
(see  intrinsic  viscosity).  Fig.  3  shows  comparative  load  -  extension  curves  for  derivatives  of  cellulose  and  ethylated 
chitin.  It  is  clear  from  the  diagram  that  films  of  nitrocellulose  and  acetylcellulose  have  higher  tensile  strengths 


•Our  tlianks  are  due  to  S.  la.  Frenkel'  for  this  determination. 
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Fig.  3.  Load  extension  curves  for  derivatives 
of  cellulose  and  chitin. 

1)  Nitrocellulose;  2)  acetylcellulose; 

3)  cellulose  acetobutyrate;  4)  ethyl- 
cellulose;  5)  ethylated  chitin. 


than  those  of  ethylcellulose  and  ethylchitin,  but  that  the  former 
have  much  lower  extensions.  Ethylated  chitin  filnu  dye  well 
with  wool  dyestuffs. 


SUMMARY 

1.  The  degree  of  etherification  and  the  solubility  of 
hydroxyethyl  ethers  of  chitin  are  affected  by  the  temperature, 
die  mole  ratio  of  the  reagents,  the  time  of  reaction,  the  con¬ 
ditions  for  the  preparation  of  the  alkali  derivative  of  chitin 
and  also  by  the  state  of  division  of  the  chitin. 

2.  The  ethyl  ethers  of  chitii;  produced  for  the  first  time, 
are  soluble  in  alcohols,  ketones,  hydrocarbons,  esters  and 
mixed  solvents. 

Ethylchitin  films  are  not  as  strong  as  those  made  of 
ethylcellulose,  but  show  somewhat  greater  extension. 
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INVESTIGATION  IN  THE  FIELD  OF  COMPOUNDS  LABELLED  WITH  AND  N^® 


IX.  SYNTHESIS  OF  w-n“-AMINO  ACIDS  * 

V.  I.  Maimind,  O.  M.  Enisherlova,  K.  M.  Ermolaev,  R.  G.  Vdovina, 
G.  A.  Galegov  and  M.  M.  Shemiakin 


We  have  previously  described  [2]  the  conditions  for  preparing  various  a-N^-amino  acids  by  the  phthalimide 
method,  and  shown  that  the  yield  of  the  final  labelled  compound  was  usually  75-95%,  based  on  potassium  phthalv 
imide-N^,  which  in  turn  was  obtained  from  N^3  in  practically  quantitative  yield  [3].  Further  investigation  showed 
that  the  [^thalimide  method  was  quite  applicable  to  the  synthesis  of  w-N^-amino  acids.  In  this  paper  we  present 
die  results  of  an  investigation  of  the  synthesis,  by  this  means,  of  e  -N^-lysine  and  5-N^-omithine. 

€  -N^-Lysine.  There  is  only  one  method  described  in  the  literature  for  preparing  e  -N^-lysine  [4],  according 
to  which  6 -bromobutylphthaloylaminomalonic  ester  is  condensed  with  potassium  phthalimide -N*®,  and  the  resulting 
diphthaloyl  dervative  is  hydrolyzed  with  HCl;  the  yield  of  lysine  dihydrochloride  amounts  to  about  50%. 

We  tried  to  carry  out  the  synthesis  of  e  -N*®-lysine  by  the  condensation  of  potassium  phthalimide -N^  with 
5-(  6-bromobutyl)-hydrantoin  [5],  which  was  obtained  from  unlabelled  € -N-benzoyllysine  as  follows: 


C6H5C0NH(CH2)4CHC00H 

I 

NHo 


CO(NH,), 


1.  H,0{HCI);  2.  HNO,:  3.  HBr 


CsHsCONHCCHaliCH - CO 

^  I  I 

HN  NH 

Br(CH2)4CH - CO 


HN 


I 

NH 


All  the  stages  of  this  synthesis  proceeded  satisfactorily,  except  for  the  diazotization,  where  the  yield  of 
hydroxybutylhydratoin  did  not  exceed  25%.  The  condensation  of  potassium  phthalimide-N^  with  bromobutylhy - 
dantoin  and  the  subsequent  hydrolysis  of  the  phthaloyl  derivative  gave  c  -N^-lysine  in  50%  yield.  But  a  determi¬ 
nation  of  the  isotopic  composition  of  the  nitrogen  in  the  lysine  obtained  (see  Table)  showed  that  it  contained  only 
about  half  the  expected  amount  of  N^.  This  dilution  of  the  marker  was  associated  with  the  fact  that,  even  before 
the  condensation,  the  potassium  of  the  potassium  phthalimide -N^  distributed  itself  approximately  equally  between 
the  NH  group  of  phthalimide  and  the  equally  acid  3-NH  group  of  5-(6 -bromobutyl)-hydantoin.  The  result  was  that 
the  latter  condensed  to  an  approximately  equal  extent  with  potassium  phthalimide -N^  and  with  potassium  5-(6- 
-bromobutyl)-hydantoin-3-N  ,  and  this  inevitably  led  to  a  dilution  of  the  marker  [6]. 

It  was  obvious  that  this  undesirable  reaction  could  be  prevented  by  substituting  some  radical  for  the  3-NH 
hydrogen  of  5-(6 -bromobutyl)-hydantoin.  We  therefore  decided  to  use  5-(6 -bromobutyl)-3-phenylhydantoin  for 
the  condensation  with  potassium  phthalimide-N*®,  and  prepared  it  by  two  methods.  We  first  synthesized  it  from 
tile  previously  described  5-(6 -benzoylaminobutyl)-3-phenylhydantoin  [7],  which  was  easily  obtained  from  €  -N- 
-benzoyllysine: 


•  For  the  previous  paper  in  this  series  see  [1]. 
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C6H6C0NH(CH2)4CHC00H  c„hnco  C„H5C0NH(CH2)4CHC00H 


NHa 

C6H5C0NH(CH2)4CH - CO 

I  I 

HN  NCoHs 


I 

NHCONHCgHs 

1.  H.CKHCl);  2.  HNO,;  3.  HBr  Br{CH2)4CH- 


-H,0 


CO 

I 

HN  NC0H5 

^cc/ 


It  was  found  that  the  racemic  5 -( 6 -benzoylaminobutyl)-3-phenylhydantoin hydrolyzed  quite  satisfactorily, 
although  Karrer  and  Ehrenstein  [8]  had  been  unable  to  hydrolyze  the  D-isomer.  But  the  final  yield  of  5-(6-bromo- 
butyl)-3-phenylhydantoin  was  low,  owing  to  the  difficulty  in  replacing  the  amino  group  by  hydroxyl  (see  above). 

A  much  better  yield  of  5-(6 -halogenobutyl)-3-phenylhydantoin  was  obtained  from  c -hydroxy -a -amino- 
caproic  acid; 


H0(CH2)4CHC00H  CjHjNCO  H0(CH2)4CHC00H  HBr(HCI) 

NHa  NHCONHCeHe 

(Cl)Br(CH2)4CH - CO 

HN  NC0H5 

^CO^ 

The  5 -( 6 -bromobutyl)-3-phenylhydantoin,  synthesized  in  this  way,  was  condensed,  under  the  previously  de¬ 
scribed  conditions  [2],  with  potassium  phthalimide-N^  in  dimethylformamide,  and  the  resulting  phthaloyl  derivative 
was  hydrolyzed  with  Ba(OH)2  and  then  with  HCl,  to  give  the  monohydrochloride  of  €  -N^-lysine  in  65%  yield,  based 
t  on  the  potassium  phthalimide-N^.  Investigation  of  the  isotopic  composition  of  the  nitrogen,  in  the  starting  material 
and  final  product,  showed  (see  Table)  that  this  synthesis  of  e  -N^-lysine  was  not  accompanied  by  any  dilution  of  the 
marker. 

6  -N^-Ornithine.  At  first,  by  analogy  with  lysine,  we  used  unlabelled  ornithine  as  starting  material,  and  con¬ 
verted  it  via  a, 6  -bis-(phenylureido)-valeric  acid  to  the  hydrochloride  of  5-(y -aminopropyl)-3-i^enylhydantoin. 
But  attempts  to  convert  the  latter  (via  the  corresponding  hydroxy  derivative)  into  5-(y  -bromopropyl)-3 -phenyl - 
hydantoin  were  unsuccessful.  6 -N ^-Ornithine  was  subsequently  synthesized  by  the  condensation  of  potassium 
phthalimide-N^  willi  (y -bromopropyl)-N-phthaloylaminomalonic  ester  and  also  with  (y  -bromopropyl)-N-acetyl- 
aminomalonic  ester.  Subsequent  hydrolysis  and  decarboxylation  of  the  phthaloyl  derivatives  gave  labelled  ornithine 
in  65-70%  yield,  based  on  the  potassium  phthalimide-N^.  There  was  no  dilution  of  the  marker  in  this  synthesis 
(see  Table). 


« 


ih 

lit 


C„H4(CO)2N1sK  -t-  Br(CH2)3C(COOC2H5)2 


N(C0)2C6H4[NHC0CH3] 


CfiH4{CO)2Ni-(CH,)3C(COOC2H5)2 


HBr 


N(CO)2C6H4[NHCOCH3l 


H2N15(CH2)3CH(NH2)C00H 


EXPERIMENTAL 

1.  Preparation  of  €  -N^®-Lysine  Via  5 -(6 -phtha  loy  la  m  inobu  ty  1 ) -h  y  da  n  toin 

a)  5-(6-Benzoylaminobutyl)-hydantoin.  A  solution  of  12.0  g  of  6 -N -benzoyllysine  and  5.76  g  of  urea  in 
600  ml  of  water  was  boiled  for  10-15  hours,  acidified  with  concentrated  hydrochloric  acid,  boiled  again  for  5 
minutes  and  cooled,  and  the  deposit  formed  was  filtered  off.  Yield  9.4  g  (71%);  m.p.  182-183*  (from  alcohol) 
[10]. 

b)  Hydrochloride  of  5-(5 -aminobutyl)-hydantoin.  A  mixture  of  10.0  g  of  5-(6 -benzoylaminobutyl)-hy- 
dantoin  and  250  ml  of  20%  HCl  was  boiled  for  10  hours,  cooled  and  filtered,  the  solution  was  extracted  with  ether, 
and  the  aqueous  layer  was  evaporated  to  dryness  under  reduced  pressure.  The  residue  was  dissolved  in  10  ml  of 
boiling  water,  and  the  amine  hydrochloride  was  precipitated  by  addition  of  30  ml  of  alcohol  and  recrystallized 
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from  50%  alcohol.  Yield  4.0  g  (53%);  m.p.  208-209*  (literature  m.p.  [5]  163-170*), 

Found  %:  C  40.55;  H  6.75;  N  19.96;  Cl  17.10.  CyHyOiNs  •  HCl.  Calculated  %;  C  40.48;  H  6.79; 

N  20.24;  Cl  17.07. 

The  picrate  of  5-(6-aminobutyl)-hydantoin  melted  at  180-184*  (from  water)  [5]. 

c)  5-( 6  -Hydroxybutyl)-hydantoin.  A  solution  of  4.0  g  of  5-(6-aminobutyl)-hydantoin  hydrochloride  in 
5.2  ml  of  N  HCl  was  diluted  with  20  ml  of  water,  diazotized  at  0*  with  2.12  g  of  NaNOj  and  allowed  to  sund  at 
room  temperature  for  4  hours.  The  solution  was  evaporated  under  reduced  pressure  to  a  small  bulk,  and  the  deposit 
was  fUtered  off.  Yield  0.76  g  (23%);  m.p.  152-154*  [5.  6]. 

d)  5 -(5  -Bromobutyl)-hydantoinwas  obtained  as  described  previously  [5].  Yield  70%  ;  m.p.  129-130*  (from 
water). 

e)  The  hydrochloride  of  e  -N ^-lysine  was  prepared  by  the  condensation  of  0.55  g  of  potassium  phthalimide- 
-N^  with  0.70  g  of  5-(6-bromobutyl)-hydantoln  in  3.5  ml  of  dimethylformamide,  and  subsequent  hydrolysis  of 

the  {^thaloyl  derivative,  under  the  conditions  give  in  2  d)  and  e).  Yield  0.29  g  (53%);  m.p.  256-257*. 

2.  Preparation  of  € -N^**-lysine  via  5-(6  -phtha  loyla  minobuty  1) -3 -pheny  Ihy  da  ntoin 

a)  Hydrochloride  of  5-(6-aminobutyl)-3-phenylhydantoin.  5 -(6  -Benzoylaminobutyl)-3-phenylhydantoin 
(3.51  g),  prepared  as  described  in  [7],  was  hydrolyzed  with  100  ml  of  20%  HCl  under  the  conditions  described  in 

1  b).  The  deposit  formed  was  dissolved  in  2  ml  of  water,  and  the  solution  was  cooled  to  0*.  A  small  quantity  of 
the  starting  material  was  deposited  and  filtered  off,  and  the  filtrate  was  evaporated.  The  yield  was  2.48  g  (69%) 
of  the  amine  hydrochloride,  of  m.p.  155-160*  (purified  by  precipitation  from  alcohol  with  ether). 

Found  %:  O  12.76.  CuHitOiNj  •  HCl.  Calculated  %:  O  12.54. 

The  picrate  of  5-(  6-amlnobutyl)-3  -phenylhydantoin  melted  at  168“  (from  water). 

Found  %:  C  47.70;  H  4.22.  CuHjoOgN*.  Calculated  %:  C  47.90;  H  4.23. 

b)  5-(6  -Bromobutyl) -3 -phenylhydantoin.  A  solution  of  1.42  g  of  5-( 6  -aminobutyl)-3 -phenylhydantoin  hy¬ 
drochloride  in  8  ml  of  30%  CHsCCXDH  was  diazotized  with  0.76  g  of  NaNOj.  The  solution  was  extracted  with  ethyl 
aceute,  the  extract  was  washed  a  few  times  with  water  and  dried  over  NajSO^,  and  the  solvent  was  evaporated  under 
reduced  pressure.  The  resulting  uncrysullized  oil  was  boiled  for  10  minutes  with  6  ml  of  48% hydrobromic  acid, 
and  the  deposit,  which  formed  on  cooling,  was  filtered  off  and  crystallized  from  50%  alcohol;  this  gave  0.15  g 
(10%)  of  5-(  6-bromobutyl)-3 -phenylhydantoin  of  m.p.  125-126*. 

Found  %:  Br  26.17.  CyHjgO^NjBr.  Calculated  %:  Br  25.63. 

c)  5 -( 6 -Halogenobutyl)-3 -phenylhydantoin.  The  solution,  obtained  by  heating  4.0  g  of  e -hydroxy- a- 
-phenylureidocaproic  acid*  with  25  ml  of  48%  hydrobromic  acid,  was  boiled  until  it  became  turbid  and  then  for 

a  further  10  minutes.  The  oil,  formed,  crystallized  on  cooling;  the  yield  of  5 -( 6 -bromobutyl)-3 -phenylhydantoin 
was  4.31  g  (92%),  the  m.p.  was  125-126*  (from  50%  alcohol).  Similarly,  from  0.53  g  of  e  -hydroxy -a -phenylureido- 
caproic  acid  and  3  ml  of  concentrated  hydrochloric  acid,  after  boiling  for  40  minutes,  the  yield  was  0.16  g  (30%) 
of  5 -(6 -chlorobutyl)-3 -phenylhydantoin;  m.p.  121-122*  (from  50%  alcohol). 

Found  %:  C  58.51;  H  5.75.  CjsHisOjNiCl.  Calculated  %:  C  58.54;  H  5.68. 

d)  5-(6-N^-Phthaloylaminobutyl)-3-|^enylhydantoin.  Potassium  phthalimide-N^  (1.11  g)  was  dried  at 
200*  and  0.05  mm,  and  treated  with  1.87  g  of  5 -(6 -bromobutyl) -3 -phenylhydantoin  and  15  ml  of  dimethylforma¬ 
mide.  The  mixture  was  heated  for  1  hour  at  90-95*  and  poured  into  35  ml  of  water.  The  product  was  cooled  for 

2  hours  at  0*,  after  which  1.64  g  of  the  phthaloyl  derivative  was  filtered  off;  evaporation  of  the  mother  liquor  gave 
another  0.33  g.  Total  yield  87%;  m.p.  202-203*  (from  chloroform). 

Found  %:  C  66.80;  H  5.02;  N  11.16.  C,iHiP4Ns.  Calculated  %;  C  66.83;  H  5.07;  N  11.13. 

e)  Monohydrochloride  of  c  -N^-lysine.  A  mixture  of  1.13  g  of  the  N*®-phthaloyl  derivative  (obtained  in 


•This  was  obtained  in  85% yield  by  the  action  of  CgH^CO  on  e -hydroxy- a -aminocaproic  acid  [5]. 
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TABLE 


Isotopic  Composition  of  Nitrogen  in  the  Compounds  Synthesized 


Experi¬ 

ment 

No. 

Title  of  experiment 

Compound  investigated 

N^  content  (atoms  %) 

found 

calculated 

1 

Preparation  of  €  -N ^-lysine  via 

a)  Potassium  phthalimide- 

21,8 

5  -(  6  -phthaloyla  minobutyl)  - 

-n“ 

-hydantoin. 

b)  €  -N^-Lysine  hydro- 

6.0 

(21.8+  0.38)  :  2=  11.1 

chloride 

a)  Potassium  phthalimide- 

36.0 

2 

Preparation  of  e  -N^-lysine 

-n“ 

via  5-(6 -phthaloyi- 

b)  5-(6-Phthaloyl- 

12.3 

(36.0+  2  •  0.38)  :  3  =  12.5 

aminobutyl)-3  -|^enyl- 

a  minobutyl) -3- 

hydantoin 

-phenylhydantoin. 

c)  6  -N^ -Lysine  hydro- 

17.8 

(36.0+  0.38)  :  2  =  18.2 

chloride 

3. 

Preparation  of  6-N*®- 

a)  Potassium  phthalimide- 

36.0 

-ornithine  via  the  diethyl 

-n“ 

ester  of  a,u-diphthaloyl- 

b)  6  -N^-Otnithine 

18.2 

(36.0+  0.38)  :  2=  18.2 

aminopropylmalonic  acid 

hydrochloride 

4 

Preparation  of  6  -N ^-ornithine 

a)  Potassium  phthalimide- 

36.0 

via  the  diethyl  ester  of 

-n“ 

ot  -a  cety  la  mino  -tu  - 

b)  6 -N ^-Ornithine 

17.9 

(36.0+  0.38)  :  2=  18.2 

-phthaloyla  minopropyl- 

hydrochloride 

malonic  acid 

II 

II 

experiment  2  d),  3.5  g  of  Ba(OH)2  ■  8  HjO  and  15  ml  of  water  was  heated  with  shaking,  in  a  sealed  tube,  at  160- 
-165*,  for  1  hour.  The  mixture  was  cooled,  barium  carbonate  was  separated,  1  g  of  ammonium  carbonate  was 
added,  the  liquid  was  filtered  again,  the  filtrate  was  extracted  with  chloroform  to  remove  aniline,  and  the  aqueous 
layer  was  then  evaporated  almost  to  dryness  (finally  under  reduced  pressure).  The  residue  was  dissolved  in  7  ml 
of  water,  acidified  with  concentrated  hydrochloric  acid,  treated  with  a  further  15  ml  of  5  N  hydrochloric  acid  and 
boiled  for  1  hour.  Phthalic  acid  was  filtered  off,  the  filtrate  was  evaporated  to  dryness  under  reduced  pressure,  and 
the  residue  was  dissolved  in  2-3  ml  of  water  and  again  evaporated.  The  residue  was  dissolved  in  15  ml  of  boiling 
absolute  alcohol,  lysine  monohydrochloride  was  precipitated  by  adding  a  hot  mixture  of  2  ml  of  pyridine  and  3  ml 
of  alcohol,  half  the  alcohol  was  distilled  off,  the  liquid  was  cooled,  and  the  deposit  was  filtered  off,  washed  with 
alcohol  and  ether  and  dried.  Yield  0.43  g  (78%);  m.p.  254-255*. 

3.  Preparation  of  6 -N^^ -Ornithine  Via  the  Diethyl  Ester  of  a  ,  w  -  Diphtha  1  oy  la  m  ino - 
propyl ma Ionic  Acid. 

Dimethylformamide  (10  ml)  and  40  ml  of  trimethylene  bromide  were  added  to  16.35  g  of  the  dry  sodium 
derivative  of  the  diethyl  ester  of  phthaloylaminomalonic  acid  [11].  The  mixture  was  heated  for  1.5  to  2  hours, 
at  85-95*,  until  quite  colorless,  NaBr  was  separated,  the  filtrate  was  evaporated,  the  residue  was  stirred  with  25- 
-30  ml  of  hot  chloroform,  and  the  whole  was  cooled  for  2  hours  at  0*  and  filtered.  Evaporation  of  the  chloro¬ 
form  gave  20.0  g  (94%)  of  the  diethyl  ester  of  (y  -bromopropyl)-N -phthaloylaminomalonic  acid  in  the  form  of  an 
uncrystallized  oil  (cp.  [12]).  A  solution  of  15.7  g  of  this  ester  in  15  ml  of  dimediylformamide  was  treated  with 
5.55  g  of  potassium  phthalimide-N^,  and  the  mixture  was  heated  for  1  hour  at  90-95*.  The  KBr  was  filtered  off 
quickly  and  washed  with  hot  CHCI3,  the  filtrate  was  allowed  to  stand  at  0*  for  24  hours,  and  the  deposited  di- 
phthaloyl  derivative  was  filtered  off  under  suction  and  washed  with  edier.  Yield  11.3  g  (76%);  m.p.  130-133* 

(from  alcohol). 
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Found  C  63.50;  H4.93;  N  5.75.  CijHjPjN,.  Calculated  C  63.41;  H  4.91;  N  5.69. 

The  hydrolysis  of  the  diphthaloyl  derivative  and  the  isolation  of  the  monohydrochloride  of  6  -N^-ornlthine 
were  carried  out  normally  [2].  Yield  3.51  g  (70  %);  m.p.  222-224*. 

4.  Preparation  of  6 -N^®-Ornlthlne  Via  the  Diethyl  Ester  of  a  -  A  c  e  ty  la  mino -w -ph  tha  1 - 
oylaminopropylmalonic  Acid 

A  mixture  of  0.92  g  of  potassium  phfhallmlde-N**,  1.70  g  of  (y -bromopropyl)-N-acetylaminomalonlc  ester 
[13]  and  5  ml  of  dimethylformamlde  was  heated  for  1  hour  at  85-95*.  The  KBr  was  filtered  off,  the  filtrate  was 
evaporated  under  reduced  pressure,  the  residue  was  stirred  with  15  ml  of  boiling  chloroform,  and  the  solution  was 
filtered  and  evaporated.  The  fdithaloyl  derivative  obtained  (2.17  g;  85%)*  was  hydrolyzed  with  a  mixture  of  5  ml 
of  CH3COOH,  5  ml  of  water  and  5  ml  of  HBr  for  22  hours  [2].  The  yield  of  the  monohydrochlorideof  6  -N^- 
-ornlthine  was  0.55  g  (657o);  m.p.  222-224*. 

5.  Attempt  to  Prepare  6 -N^^-Ornithine  V la  5 -(y -phtha loy la minopropy  1) -3 -pheny  1 - 
hy da  ntoin 

A  solution  of  3.37  g  of  the  monohydrochloride  of  ornithine  in  20  ml  of  N  NaOH  was  treated  with  4  ml  of  phenyl- 
isocyanate,  and  the  mixture  was  stirred  vigorously  (it  became  hot)  until  the  smell  of  the  isocyanate  had  disappeared. 
Traces  of  diphenylurea  were  filtered  off,  the  solution  was  acidified  with  1  :  1  HCl,  and  the  deposit  was  filtered  off, 
washed  with  water  and  dried.  The  yield  of  a, 6 -di -(pheny lureido) -valeric  acid  was  6.77  g  (91.4%);  m.p.  167*  (de¬ 
comp.)  [9]. 

A  mixture  of  10.85  g  of  this  product  and  270  ml  of  20%  HCl  was  boiled  for  20  hours,  the  solution  was  evapo¬ 
rated  under  reduced  pressure,  and  the  residue  was  diluted  with  10  ml  of  water.  There  was  a  deposit  of  1.43  g 
(14%)  of  5-(y -phenylureidopropyl)-3-phenylhydantoin,  of  m.p.  189-190*  [9].  The  filtrate  was  evaporated  to  dry¬ 
ness,  and  the  residue  was  dissolved,  by  heating,  in  35-40  ml  of  absolute  alcohol.  5-(y  -Amlnopropyl)-3-phenyl- 
hydantoin  hydrochloride  was  deposited  on  cooling.  Yield  4.52  g  (66%);  m.p.  217-218*  (from  alcohol). 

Found  %  C  53.48;  H  6.06;  N  15.45.  C^Hi^jNs  *  HCl.  Calculated  %;  C  53.43;  H  5.98;  N  15.58. 

An  attempt  to  convert  5-(y -aminopropyl)-3-phenylhydantoin  into  the  corresponding  bromo  derivative  (using 
the  conditions  of  experiment  2  b)  did  not  lead  to  the  isolation  of  the  desired  substance. 

SUMMARY 

The  syntheses  of  two  w-N^-amino  acids  “  e-N*®-lysine  and  6 -N ^-ornithine  —  are  described. 
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MOLECULAR  STRUCTURE  OF  UNSATURATED  KETONES  “  BIMOLECULAR 
CYCLOHEXANONE  CONDENSATION  PRODUCTS 


Ts,  N.  Roginskala,  S.  V.  S vetozarskli,  A.  I,  F Inkel *shte in , 
and  E.  N.  Zil'berman 


Wallach  [1]  prepared  the  first  liquid  bimolecular  cyclohexanone  condensation  product  (unsaturated  ketone 
with  empirical  formula  (I) )  through  the  action  of  sodium  ethoxide  on  cyclohexanone  over  a  period  of 

many  days.  Later,  after  passing  gaseous  HCl  through  pure  cyclohexanone,  Wallach  [2]  isolated  a  compound  C|2Hj/)Cl 
and  again  obtained  (I)  by  splitting  out  HCl.  This  compound  has  also  been  synthesized  by  treating  cyclohexanone 
with  a  methanol  solution  of  sulfuric  acid  [3],  calcium  hydride  [4,  5],  calcium  carbide  [4],  zinc  chloride  [6],  alumi¬ 
num  oxide  [7],  sodium  amide  [8],  et  al. 


Depending  on  reaction  conditions,  compound  (I)  can  react  as  ana, 3-  or  B  ,y -unsaturated  ketone,  or  as  a 
mixture  of  both.  Compound  (I)  behaves  like  a  ,0 -unsaturated  ketoneson  hydration  in  the  presence  of  solid  catalysts 
[9],  in  interaction  with  benzaldehyde,  hydrogen  chloride,  cyclohexanone  [6],  condensation  with  ethyl  sodiumcyano- 
acetate  [IQ],  and  in  Kishner  reaction  [11].  The  absence  of  any  substantial  optical  exaltation  in  the  molar  refrac¬ 
tion  [10,  12]  is  considered  as  evidence  for  the  endocyclic  nature  of  the  double  bond  in  compound  (I). 


Compound  (I)  acts  as  a  0 ,7  -unsaturated  ketone  in  reaction  with  nascent  hydrogen  [9,  13],  oxidation  with  ozone 
[10]  and  potassium  permanganate  [12],  and  methylation  withmethyliodide[10].  When  compound  (I)  is  oxidized  with 
alkaline  hydrogen  peroxide, both  a,0-  and  0,y  -unsaturated  ketone  derivatives  are  obtained  [12]. 


On  the  basis  of  chemical  properties,  ketone  (I)  was  assigned  structure  (A)  [6,  9-11]  or  (B)  [9,  10,  12-14],  or 
considered  a  mixture  of  isomers  (A)  and  (B)  [15,  16], 


O 


(B) 


The  supporters  of  stmctute  (B)  [10,  14],  rely  not  only  on  chemical  reactions  of  (I)  but  refer  also  to  the  Dieck- 
mann-Kon  rule,  according  to  which  a  semicyclic  ( exo)  double  bond  in  a  cyclohexane  ring  is  less  stable  than  an 
endocyclic  double  bond. 

The  problem  of  ketone  (I)  stmcture  was  complicated  by  the  fact  that  in  1942  Reese  [12]  discovered  a  new 
unsaturated  ketone,  CjjHibO  (II),  which,  without  any  doubt,  had  a  double  bond  in  a,  0 -position  (judging  by  its  behavior 
in  a  series  of  reactions).  Unlike  compound  (I)  it  was  solid  (m.p.  57*).  Compound  (II)  was  comparatively  unstable 
and  changed  into  liquid  ketone  (I)  when  heated. 

The  spectra  of  ketones  (I)  and  (II)  have  not  been  up  till  now  systematically  investigated.  Only  the  ultra¬ 
violet  spectrum  of  compound  (I)  was  known,  and  it  indicated  [16]  the  presence  of  an  a,fl -conjugated  double 
bond  in  this  ketone  255  mp,  6  max  ~  6300). 

Vibrational  spectra  (infrared  and  Raman)  of  ketone  (I)  had  not  been  determined.  Spectroscopic  investigation 
of  ketone  (II)  had  not  been  conducted,  and  only  very  recently  (after  completion  of  this  work)  has  a  paper  appeared 
[17]  in  which  some  spectral  absorption  data  are  listed,  but  without  any  kind  of  discussion. 
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We  carried  out  an  Investigation  of  the  optical  properties  of  ketones  (I)  and  (II)  in  order  to  obtain  some  data 
on  the  molecular  structure  of  these  compounds.  The  Raman  spectra  we  obtained  for  ketones  (I)  and  (II)  are  shown 
in  the  Table,  the  infrared  absorption  spectra  in  Fig.  1  and  2,  the  ultraviolet  in  Fig.  3  (methanol  solutions)  and 
4  (diethyl  ether  solutions). 


Raman  Spectra  of  Ketone  (I)  and  (II) 


Ketone  (I) 

Ketone  (II)  (CCI4 
solution) 

257  (1) 

276  (1) 

695  (0) 

671  (0) 

839  (1) 

956  (i/o) 

845  (1) 

1040  (0) 

1031  (2) 

1056 (2) 

1125(1) 

1227  (?) 

1270 (2) 

1249 (2) 

1323  (3) 

1346  (0) 

1417(10  b) 
1592(1/2) 

1442  (5) 

1628  (2) 

}  <><>») 

1690 (3) 

1668(1) 

2847  (5) 

2847(3) 

2953  (5) 

2930  (2) 

Electronic  as  well  as  vibrational  spectra  of  ketones  (I)  and 
(II)  show  that  both  of  these  compounds  are  a, fi -unsaturated  ketones. 
This  is  proven  by  the  presence  of  1628  and  1690  cm"^  frequencies 
in  the  Raman  spectrum  of  ketone  (I).  Similarly,  in  the  Raman  spec¬ 
trum  of  ketone  (II)  1628  and  1679  cm”^  frequencies  are  observed, 
indicating  that  this  compound  is  also  an  a, 3 -unsaturated  ketone. 

No  lines  were  detected  in  the  1710  and  1650-1660  cm"'  frequency 
region;  these  lines  are  characteristic  of  ketones  with  unconjugated 
double  bonds.  There  was  no  indication  of  enolization.  Weak 
bands  at  1591  cm“'  (ketone  (I))  and  1612  cm”'  (ketone  (II))  were 
evidently  connected  with  Fermi  resonance. 

In  the  infrared  absorption  region  we  observed  the  character¬ 
istic  frequencies  of  conjugated  carbonyl  compounds.  They  were 
1700  and  1626  cm”'  for  ketone  (I),  1626  and  1681  cm”'  for  ketone 
(II).  A  slight  increase  in  the  infrared  C=0  frequency  of  ketone 
(I)  was  due  to  superpositionoof  air  absorption  on  the  band. 

In  the  2-4  p  region  we  detected  absorption  bands  which 
could  only  be  due  to  C— H  groups  (one  has  to  consider  the  accuracy 
of  frequency  determination  with  a  NaCl  prism).  We  were  unable 
to  detect  any  supplementary  absorption  bands  which  could  be 
attributed  to  O— H  groups;  this  indicated  the  absence  of  any  de¬ 
tectable  signs  of  keto  —  enol  tautomerism. 


The  ultraviolet  absorption  spectra  of  ketone  (I)  and  (II)  differ  only  in  the  size  of  extinction  coefficients 
max"  moles/liter  •  cm  for  ketone  (I)  and  14,200  moles/  liter  •  cm  for  ketone  (II)).  Both  ketones  have 

an  absorption  maximum  at  the  same  wavelength  (Xmax  =  254  mp);  according  to  Woodward’s  mle  [18],  this  wave¬ 
length  corresponds  to  trisubstituted  conjugated  unsaturated  ketones.  In  this  case  it  would  correspond  to  formula  (A) 
(with  a  cis -  configuration  of  the  double  bond).  Hence,  it  follows  that  it  is  impossible  to  assign  formula  (C)  (with  a 
trans-  configuration  of  bonds)  to  the  substances  investigated. 


> 


this,  in  fact, was  not  observed  [11].  This  conclusion  is  supported 


Compound  (C)  should  absorb  at  Xmax  =  239  ±  5  mp; 
also  by  chemical  data. 


r% 


r% 


« 
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The  sharp  decrease  of  absorption  coefficient  in  the  ultraviolet  spectrum  of  ketone  (I)  could  not  be  explained 
by  the  presence  of  ketone  (B),  since  the  corresponding  frequencies  in  the  vibrational  spectrum  were  not  observed. 
Thus,  both  ketone  (I)  and  (II)  are  a, 6 -unsaturated  ketones.  The  behavior  of  compound  (I)  as  fli.y  -unsaturated  in 
a  series  of  reactions  can  be  explained  as  being  due  to  a  transition  of  compound  (I)  into  a  substance  of  structure  (B) 
duiing  the  course  of  reaction. 


Fig.  3.  Ultraviolet  absorption 
spectra  of  ketones  (I)  and  (II)  in 
methyl  alcohol. 


Fig.  4.  Ultraviolet  absorption  spectra  of 
ketones  (I)  and  (II)  in  diethyl  ether. 


The  most  probable  cause  of  the  existence  of  two  2-cyclohexylidenecyclohexanones  with  different  physical  and 
chemical  properties  could  be  the  difference  in  the  forms  of  six-membered  rings  of  these  compounds.  As  is  well 
known,  cyclohexane  rings  can  exist  in  a  boat  or  chair  configuration;  actually,  only  the  chair  form  is  found  to  be 

energetically  favorable.  Similar  configurations  can  also  be  ob¬ 
served  in  2-cyclohexylidenecylohexanone,  while  due  to  a  stereo¬ 
chemical  deformation  of  six-membered  rings, the  boat  form 
(usually  less  stable)  may  in  this  case  become  more  stable  than 
the  corresponding  configuration  of  cyclohexane  [19].  In  Fig.  5 
we  have  shown  the  two  possible  stereochemical  configurations 
of  2-cyclohexylidenecyclohexanone.  One  should  emphasize  the 
difference  in  the  ring  structure  itself.  Both  ketones  are  composed 
of  identical  rings,  but  one  ring  of  each  has  a  single  sp*  hybrid, 
while  the  other, two.  If  the  cyclohexylidene  ring  differs  only 
very  slightly  from  a  cyclohexane  ring  (an  increase  in  angle  a  is 
compensated  by  a  decrease  in  bond  lengths  r^  and  r^),*  then  the 
other  ring  (which  contains  two  sp^  hybrids)  should  differ  very 
sharply  from  it.  Three  bonds  of  the  second  ring  lie  in  the  same 
plane;  therefore,  interconversion  of  stereochemical  configurations 
is  made  easier  [19],  and  both  configurations  (D)  and  (E)  (half¬ 
chair  and  half-boat)  become  equivalent  and  stable,  just  as  in  the 
case  of  cyclohexene.  Consequently,  the  existence  of  two  (liquid 
(I)  and  solid  (II))  isomeric  forms  of  2-cyclohexylidenecyclohexa¬ 
none,  their  similar  spectral  properties,  and  a  relatively  easy  transformation  of  the  less  stable  isomer  into  the  more 
stable  one,  could  all  be  explained  by  a  structural  difference  in  one  of  the  six-membered  rings.  Since  ketone  (II) 
is  less  stable  (it  is  converted  into  liquid  ketone  (I)  on  heating),  it  evidently  has  the  "half-boat*  configuration  (E), 
while  ketone  (I). the  "half-chair"  configuration  (D).  The  assumptions  made  here  have  to  be  further  checked  by 
X-ray  or  electron  diffraction. 

EXPERIMENTAL 

A  single  beam  IKS-11  spectrophotometer  and  a  rock  salt  prism  were  used  to  determined  infrared  absorption 

•  Bond  lengths  of  carbon  in  different  hybridization  states  (sp®,  sp*,  and  sp)  were  Investigated  in  detail  by  one  of 
the  authors  somewhere  else. 


Fig.  5.  Stereoisomers  of  2-cyclohexyl¬ 
idenecyclohexanone. 

1)  Carbon  atoms  located  in  the  main 
plain;  2)  carbon  atoms  out  of  the  main 
plain;  3)  oxygen  atoms.  Explanation 
is  in  the^text. 
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spectra.  Raman  spectra  were  determined  on  a  triprisma  tic  glass  spectrograph  ISP-51.  For  the  input  radiation  we 
used  the  4358  A  mercury  line  emitted  by  a  light  filter  made  with  a  saturated  aqueous  NaNOj  solution  or  a  standard 
glass  light  filter  Hg  456.  For  the  ultraviolet  absorption  spectra  we  used  a  quartz  spectrophotometer  SF-4. 

Ketone  (I)  was  obtained  by  condensing  cyclohexanone  in  the  presence  of  sulfuric  acid  [20];  b.p.  142*  (13  mm), 
n*®D  1.5074,  d^°4  1.002.  Ketone  (II)  was  synthesized  according  to  Reese  [12]  and  had  a  m.p.  57*. 

In  concluding,  we  would  like  to  express  our  gratitude  to  G.  A.  Razuvaev  for  his  interest  in  this  work  and  valua- 
able  advice. 

SUMMARY 

1.  We  have  studied  the  ultraviolet  and  infrared  absorption  spectra,  and  also  the  Raman  spectra  in  order  to 
elucidate  the  molecular  structure  of  the  two  isomeric  unsaturated  ketones  —  bimolecular  products  of  cyclohexanone 
condensation. 

2.  We  have  shown  that  both  compoundswere  just  two  different  configurations  of  2-cycldiexylidenecyclo- 
hexanone. 

3.  A  hypothesis  is  proposed  that  the  isomers  differ  from  each  other  only  in  the  stereochemical  stmcture  of 
the  ring  containing  the  carbonyl  group. 
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REACTIONS  OF  ACYL  PEROXIDES  WITH  METALS 


G.  A.  Razuvaev  and  V.  N.  Lamiaeva 


We  have  notfed  In  our  previous  work  [1]  that  the  decomposition  of  acyl  peroxides  with  metallic  mercury  was 
observed  at  comparatively  low  temperatures.  At  room  temperature  the  acyloxy  radicals  formed  the  correspond¬ 
ing  mercury  salts.  When  the  temperature  was  raised,  a  partial  decarboxylation  of  acyloxy  radicals  and  a  forma¬ 
tion  of  organomercury  compounds  was  observed. 

As  is  well  known,  the  fixation  of  free  acetyloxy  radicals  on  metals  was  utilized  by  Waters  [2]  in  his  investi¬ 
gation  of  benzene  dlazoacetate  decomposition  with  Zn,  Fe,  Cu,  Hg  and  other  metals  in  nonpolar  solvents;  in  all 
the  cases  the  corresponding  metal  acetates  were  produced.  G.  A.  Razuvaev  and  M.  M.  Koton  [3,  4]  have  used 
metals  to  study  die  catalytic  decomposition  of  organometallicmercury,  lead,  and  tin  compounds.  It  was  shown, 
that  addition  of  metals  lowered  considerably  the  temperature  barrier  in  these  reactions.  The  type  of  metal  added 
influenced  the  reactivity  of  free  radicals.  The  catalytic  decomposition  of  acyl  peroxides  in  the  presence  of  metals 
has  been  studied  very  little.  We  can  mention  the  work  of  F.  I.  Berezovskaia  and  O.  N.  Semikhatova  [5]  on  the 
catalytic  decomposition  of  benzoyl  and  acetylbenzoyl  peroxides  in  the  presence  of  Pt  and  MnOj.  The  authors  have 
shown  that  die  decomposition  of  benzoyl  peroxide  in  ether  was  catalyzed  by  platinum  only  if  water  was  present; 
evolution  of  oxygen  was  observed  during  this  reaction.  The  reaction  products  were  not  isolated,  and  the  reaction 
mechanism  remained  uncertain. 

G.  A.  Razuvaev  and  co-workershave  studied  [6]  the  reactions  of  benzoyl  peroxide  widi  lead  dichloride,  anti¬ 
mony  trichloride,  and  metallic  lead.  It  was  established  that  SnClj  and  metallic  tin  were  very  active  acceptors  of 
benzoyloxy  radicals.  In  dichloroethane  and  acetic  anhydride  at  room  temperature  and  while  in  benzene  at  its  boiling 
point, a  quantitative  yield  of  tin  benzoates  (C5H5CCXD)4Sn  and  (CjH5COO)2SnCij  was  obtained.  No  decarboxylation 
or  solvent  interaction  was  observed  with  benzoyloxy  radicals. 

We  considered  it  worthwhile  to  make  a  more  detailed  study  of  the  effect  of  various  metals  on  the  decom¬ 
position  of  symmetrical  and  unsymmetrical  acyl  peroxides  in  solutions.  We  decided  to  put  a  specfal  emphasis  on 
reactions  in  alcohols  (active  hydrogen  donors).  With  this  in  mind,  we  studied  decomposition  of  benzoyl  peroxide 
and  acetylbenzoyl  peroxide  in  methyl,  ethyl,  and  isopropyl  alcohols,  chloroform,  CCI4,  and  in  the  presence 
of  Na,  Zn,  Cu,  Fe,  Nl,  Ag,  and  Pt  at  room  temperature;  several  reactions  were  also  carried  out  with  phenacyl, 
phenacylbenzoyl,  and  p-nitrobenzoylbenzoyl  peroxides.  Experiments  carried  out  with  benzoyl  peroxide  showed 
that  a  quantitative  yield  of  benzoates  was  obtained  with  Na  (2*^  amalgam)  and  Zn  in  benzene  and  alcohol  solutions. 
It  is  interesting  to  note  that  no  mercury  salts  were  formed  when  Na  amalgam  was  used.  With  Ni  and  Fe  in  alcohol, 
only  a  part  of  the  benzoyloxy  radicals  was  converted  into  anions.  Beside  salts  the  reaction  products  contained  free 
benzoic  acid  and  aldehydes;  formation  of  these  could  be  explained  by  dehydration  of  alcohol  with  benzoyloxy 
free  radicals.  The  presence  of  the  latter  was  confirmed  by  a  rapid  discoloration  of  diphenylpicrylhydrazyl  which 
is  used  as  a  free  radical  indicator. 

The  course  of  the  above  described  reactions  could  be  described  in  the  following  manner.  In  one  case  the 
peroxide  accepted  2  electrons  from  the  metal  and  formed  a  benzoate  anion. 

(C„Hr,C02)2  -H  Zn  ZCnHsCOO-  -1-  Zn2+ 

A  similar  reaction  took  place  with  sodium.  In  another  case  there  was  a  transfer  of  one  electron  with  the 
formation  of  a  benzoate  anion  and  a  benzoyloxy  radical. 

(CoHr,C02)2  Met  C,jHr,COO-  -1-  Met+  h  C0H5COO  • 

Mct”Ni»  Fc,  Cu. 
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The  last  one  reacted  with  the  solvent  (alcohol).  A  univalent  metallic  cation  may  be  raised  to  a  higher  oxi¬ 
dation  state.  In  connection  with  this,  it  was  interesting  to  see  which  group  in  an  unsymmetrical  peroxide  would  a 
accept  an  electron  and  change  into  anion.  For  this  purpose  we  investigated  the  acetylbenzoyl  peroxide  in  more 
detail  and  conducted  several  experiments  on  p-nitrobenzoylbenzoyl,  phenacyl,  and  phenacylbenzoyl  peroxides. 


Diphenylpicrylhydrazine  (DPhPH-ine) 
and  diphenylpicrylhydrazyl  (DphPH-yl) 
absorption  spectra  in  the  presence  of 
acetylbenzoyl  peroxide  in  CH3OH. 

1)  DPhPH-ine;  2)  DPhPH-yl; 

3)  reaction  mixture  after  10  minutes; 

4)  reaction  mixture  after  30  minutes; 

5)  reaction  mixture  after  24  hours. 


Similar  results  were  obtained  with  acetylbenzoyl  peroxide; 
with  Na,  Hg,  and  Zn  acetates  and  benzoates  formed  simultaneously 
(in  alcohols  as  well  as  in  benzene),  while  with  Ni,  Cu,  and  Ag, 
formation  of  metallic  acetates  and  free  benzoic  acid  was  observed. 
With  these  metals  the  presence  of  free  radicals  was  confirmed  by 
testing  with  diphenylpicrylhydrazyl.  When  we  added  diphenyl - 
plcrylhydrazinc.in  place  of  diphenylpicrylhydrazyl. to  an  alcoholic 
solution  of  acetylbenzoyl  peroxide,  the  initial  yellow  color  of  so 
lutlon  changed  very  rapdily  to  violet  (due  to  diphenylpicrylhydra¬ 
zyl  formation)  and  then  slowly  decolorized;  this  was  another  in¬ 
dication  of  free  radicals.  Conversion  of  diphenylpicrylhydrazine 
into  diphenylpicrylhydrazyl  was  also  confirmed  through  spectral 
analysis  of  the  reaction  mixture  (see  the  Figure).  After  the  reaction 
of  platinum  with  acetylbenzoyl  peroxide  in  ethyl  alcohol  we  iso¬ 
lated  acetic  acid,  benzoic  acid,  and  formaldehyde  from  among 
the  reaction  products.  Decomposition  of  acetylbenzoyl  peroxide 
with  copper  in  chloroform  gave  mainly  Cu  acetate  and  benzoate 
(75  and  63%  respectively,  see  the  Table,  exp.  15).  Besides  these, 
benzoic  acid  is  also  formed  (22%).  One  should  note,  that  in  diis 
case  we  observed  noticeable  chlorination  of  metals,  initiated  by 
the  peroxide  (see  the  Table,  exp.  14,  15,  16);  previous  indications 
of  this  are  found  in  the  literature  [7]. 

Reaction  of  p-nitrobenzoylbenzoyl  peroxide  with  Cu  in 
CH3OH  was  accompanied  by  the  formation  of  correspondingjalts 
as  well  as  free  acids. 


Under  similar  conditions  the  reaction  with  phenacyl  and 

phenacylbenzoyl  peroxides  was  more  complex.  In  the  case  of  phenacylbenzoyl  peroxide,  evolution  of  COj  (at  the 
expense  of  phenacyloxy  radical)  and  formation  of  copper  benzoate  were  observed.  We  found  formaldehyde,  free 
phenylacetic  and  benzoic  acids,  and  dibenzyl  in  solution.  The  formation  of  the  last  one  could  be  explained  by  the 
relative  instability  of  CJH5CH2COO -radical  which  often  decomposes  with  the  evolution  of  COj.  The  more  stable 
benzyl  radical  that  is  formed  dimerizes,  then  .into  dibenzyl.  The  rest  oftheCsHsCHjCCX) -radicals  dehydrate  the 
alcohol, forming  phenylacetic  acid  and  formaldehyde. 


CflHgCHaCOO 


£H_.OH^  CfiHgCHaCOOH  -t-  CHgO 

CoHgCHa  •  ->  (CoHgCHala 


Thus,  the  small  reactivity  of  benzyl  radical  (frequently  observed  before  [8])  was  confirmed  in  this  case. 

On  the  basis  of  results  obtained,  we  can  divide  the  peroxide  reactions  with  metals  into  three  groups.  1)  Re¬ 
actions  with  a  transfer  of  two  electrons  and  formation  of  corresponding  metal  salts.  The  solvent  does  not  partici¬ 
pate  in  these  reactions  (Met.  =  Na,  Zn,  Hg).  2)  Reactions  with  one  electron  transfer.  RCOO"  anion  and  RCOO- 
radical,  which  interacts  with  the  solvent,  are  formed  (Cu,  Ni,  Fe.  Ag).  3)  Oxidation  -  reduction  reactions  of 
peroxides  with  solvent  catalyzed  by  a  metal  which  does  not  form  a  salt  itself  (Pt).  These  reaction  groups  repre¬ 
sent  limiting  cases.  Depending  on  the  nature  of  the  metal,  peroxide,  and  solvent, two  types  of  reactions  can  take 
place  simultaneously. 

The  effect  of  metal  on  the  formation  of  free  radicals  or  the  fixation  of  both  acyloxy  groups  as  salts  shows 
no  simple  connection  with  the  activity  or  overvoltage  series  of  these  metals. 
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Reactions  of  Acyl  Peroxides  with  Metals 
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18  Benzoyl-p-  3.46  CH3OH  20  Cu  2  1  Benzoate  71.5  2.47  Benzoic  p-nitro-  59.5 

nitrobenzoyl  1  p-Nitrobenzoat<!;  57.0  1.97  benzoic  acid 
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On  the  basis  of  experiments  with  mixed  peroxides 
we  can  make  a  comparison  of  CH3COO-,  CjHsCOO-, 
CJH5CH2COO-,  p-02NCjH4CO-groups  in  their  ability  to 
form  free  radicals  or  anions.  It  is  evident  from  experi¬ 
ments  11,  12,  13  that  CH3COO  group  forms  an  anion  com¬ 
paratively  easier  than  a  C^HjCOO  group.  If  one  of  the 
hydrogensin  CH3COO  is  replaced  with  a  phenyl  group,  just 
the  reverse  takes  place.  Thus,  in  the  reaction  of  phenacyl- 
benzoyl  peroxide  the  CjHsCHjCOO  group  did  not  accept 
and  electron  from  copper,  and  no  copper  phenylacetate 
was  detected  among  reaction  products  (see  the  Table,  exps. 
11,  13,  14,  15).  In  carbon  tetrachloride  the  formation  of 
free  acids  is  not  possible.  CjHgCOO- radicals  fully  interact 
with  the  metal  and  initiate  its  chlorination  (see  the  Table, 
exp.  17,  16). 


EXPERIMENTAL 

Starting  Materials.  Acetylbenzoyl  peroxide  was 
prepared  from  benzaldehyde  and  acetic  anhydride  using 
a  method  proposed  by  Nef  [9];  phenacyl  peroxide  was  made 
from  phenacyl  chloride  and  H2O2  using  a  method  of  Bart¬ 
lett  and  Leffler  [10];  phenacylbenzoyl  peroxide  was  ob¬ 
tained  from  sodium  perbenzoate  and  phenacyl  chloride 
using  a  method  of  Wieland  and  Ploetz  [11];  p-nitrobenzoyl 
chloride  and  sodium  perbenzoate  gave  p-nitrobenzoyl- 
benzoyl  peroxide.  Benzoyl  peroxide  was  purified  by  re¬ 
crystallization  from  a  methanol  —  chloroform  solution. 
Activity  of  peroxides  was  determined  by  iodometric  titra¬ 
tion  and  was  found  to  be  95.5-98%.  The  metals  used  in 
these  experiments  were;  Pt  and  Ag  (freshly  precipitated 
out  of  their  salts  with  formaldehyde),  freshly  prepared 
Raney  Ni,  Fe  ("karbaum*  reduced),  Cu  freshly  plated-out 
from  copper  sulfate,  zinc  dust,  2%  sodium  amalgam.  The 
solvents  used  were  purified  in  the  usual  way.  Water  was 
completely  removed  from  alcohols. 

Reactions  of  benzoyl,  acetylbenzoyl,  and  p-nitro- 
benzoylbenzoyl  peroxides  with  metals  in  solution.  A 
weighed  out  sample  of  peroxide  was  dissolved  in  the  solvent, 
1-2  g  of  metal  was  placed  in  solution,  and  the  reaction 
mixture  agitated  on  a  shaker  at  room  temperature  until  all 
peroxide  disappeared.  The  reaction  mixture  was  filtered 
remove  excess  metal  and  insoluble  salts,  and  the  filtrate 
distilled  on  a  water  bath.  The  distillate  contained  the  al¬ 
dehyde  or  ketone  and  free  acids.  Free  acids  were  extracted 
with  ether  from  the  residue,  then  the  salts  were  decom¬ 
posed  with  inorganic  acids  (H2SO4,  HCl)  and  the  acids  formed 
were  extracted  with  ether.  Quantitative  acid  determination 
was  done  acidimetrically..  Ni  content  in  salts  was  de¬ 
termined  in  the  form  of  dimethylglyoxime  derivative; 
iodometrical  analysis  gave  the  contents  of  copper  and  iron. 

Identification  of  organic  reaction  products  was  done 
in  the  usual  manner;  formaldehyde  and  acetaldehyde  as 
dimedone  derivatives,  acetone  as  2,4-dinitrophenylhydrazone, 
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benzoic  and  p-nitrobenzoic  acids  through  the  melting  point  of  a  mixed  sample,  acetic  acid  through  formation  of 
cacodyl  oxide.  The  results  of  these  tests  are  shown  in  the  Table. 

Reaction  ofphenacyl  peroxide  with  freshly  precipitated  copper  in  methyl  alcohol.*  We  agitated  1.12  g 
(4.15  mmoles)  of  phenacyl  peroxide  (95.5%  activity)  with  1  g  of  freshly  precipitated  copper  in  20  ml  of  absolute 
methanol  for  30-40  minutes  at  room  temperature.  During  the  reaction  25.0  ml  (1,11  mmoles)  of  CO^  was  evolved; 
it  was  determined  as  BaCOs.  The  reaction  mixture  was  analyzed  as  described  above.  We  isolated  0.28  g  (2.06 
mmoles)  of  free  phenylacetic  acid.  m,p.  75*  (a  sample  mixed  with  known  pure  substance  gave  no  melting  point 
depression);  0.12  g  (0.66  mmoles)  of  dibenzyl,  m.p.  52*,  was  also  isolated  and  did  not  lower  the  melting  point 
when  mixed  with  pure  sample.  After  acidification  of  salts,  0.4  g  (2.94  mmoles)  of  phenylacetic  acid,  m.p.  75®, 
was  isolated.  Formaldehyde  was  determined  as  dimedone  derivative,  m.p.  188*  (according  to  handbook  data; 
m.p.  189*). 

Reaction  of  phenacylbenzoyl  peroxide  with  freshly  plated-out  copper  in  methyl  alcohol.  A  1.3  g  (5.1  mmoles) 
solution  of  phenacylbenzoyl  peroxide  (98%  activity)  was  agitated  for  2  hours  with  1  g  of  freshly  plated-out  copper 
in  20  ml  of  absolute  methanol.  During  this  time  34  ml  (1.52  mmoles)  of  COj  was  evolved.  Using  the  method  de¬ 
scribed  above,  we  obtained  0.16  g  of  formaldehyde  dimedone  derivative,  m.p.  188*;  0.16  g  (0.88  mmoles)  of  di¬ 
benzyl,  m.p.  51*  (a  sample  mixed  with  pure  dlbenzyl  melted  at  52*);  0.61  g  of  a  benzoic  —  phenylacetic  acid 
mixture.  From  the  neutralization  equivalent  we  determined  that  the  mixture  was  composed  of  67.5%  (3.37  mmoles) 
benzoic  and  32.5%  (1.47  mmoles)  phenylacetic  acid.  Acidification  of  salts  yielded  0.19  g  (1.55  mmoles)  of  benzoic 
acid,  m.p.  120*.  This  accounted  for  94%  of  the  benzoyloxy  radical. 

SUMMARY 

1.  We  investigated  reactions  of  benzoyl,  acetylbenzoyl,  p-nitrobenzoylbenzoyl,  phenacyl,  and  phenacyl¬ 
benzoyl  peroxides  with  Na,  Zn,  Fe,  Ni,  Cu,  Hg,  Ag  and  Pt  metals  in  various  solvents. 

2.  We  have  established  that  there  are  three  types  of  peroxide  reactions  with  metals  in  alcohols.  With  some 
metals  formation  of  metallic  salts  is  observed  (Na,  Zn,  Hg).  With  other  metals  (Fe,  Ni,  Cu,  Ag),  due  to  the  trans¬ 
fer  of  a  single  electron  to  the  peroxide,  a  RCOO”  anion  and  a  RCCX5*  radical  are  formed;  the  radical  then  reacts 
with  die  solvent.  In  chloroorganic  solvents  catalyzed  chlorination  of  the  metal  is  observed.  With  platinum 
catalytic  hydrogenation  of  peroxide  at  the  expense  of  alcohol  takes  place. 

3.  A  comparison  of  a  benzoyloxy  radical  reactivity  with  that  of  CH3COO,  CjH5CHjCOO,  and  p-OjNC*H4CC)0 
radicals  is  made. 
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SYNTHESIS  OF  SOME  ISOMERIC  METHOXY-ALLYL-DIETHYL- 
AMINOETHOXYBENZEN  ES 


M.  Pal’gi 


Some  methoxy-allyl-diethylamlnoethoxybenzenes  possess  a  styptic  action  and  cause  womb  contraction  [1-S]. 
According  to  the  literature,  out  of  a  number  of  isomeric  methoxy-allyl-diethylaminoethoxybenzenes  only  the 
following  have  been  synthesized:  l-methoxy-6-allyl-l-diethylaminoethoxybenzene  (I),  b.p,  161-163’ (12  mm) 

[1],  140-143*  (3-4  mm)  [4];  2-methoxy-4-allyl-l-diethylamlnoethoxybenEene  (II),  b.p.  158*  (10  mm)  [5];  4- 
-methoxy-2-aIlyl-l-diethylaminoethoxybenzene  (III),  b.p.  166*  (6  mm)  [6];  3-methoxy-6-aIlyl-l-diethylamlno- 
ethoxybenzene  (IV),  b.p.  200-205’  (12  mm)  [6];  and  also  a  propenyl  derivative  —  2-methoxy-4-propenyI-l-diethyl- 
aminoethoxybenzene  (V),  b.p.  185-187’  (4  mm)  [7]. 

We  have  improved  the  synthetic  methods  for  isomers  (I,  II,  III,  V)  and  also  synthesized  2-methoxy-3-allyl- 
-1-diethylaminoethoxybenzene  (VI)  and  2-methoxy-6-propenyl-l-diethylaminoethoxybenzene  (VII)  for  the  first 
time. 


^OH 

CflHg-OCHa  — 

^CHa— CH=CH2 

(VIII.  X.  XII.  XIII) 

^OH 

CeHa-OCHg  — 

'\CH=CH— CHs 
(IX.  XI) 


^0CH2CH2N(C2H5)2 

CflHg-OCHa 

^CH2-CH=CH2 

(I— IV,  VI) 

^0CH2CH2N(C2H5)2 

CeHa-OCHa 

^CH^CH-CHg 

(V,  VII) 


EXPERIMENTAL 

In  the  synthesis  of  isomeric  methoxy-allyl-diethylaminoethoxybenzenes  we  started  with  the  corresponding 
methoxy-allyl  phenols.  Diethylaminoethyl  ethers  of  the  latter  were  prepared  by  boiling  the  phenol  for  8-10 
hours  in  absolute  alcohol  with  2-chlorotriethylamine  (used  in  25^0  excess)  and  sodium  ethoxide.  The  syntheses  were 
carried  out  under  nitrogen  atmosphere.  To  isolate  the  reaction  products  we  distilled  off  the  alcohol,  dissolved  the 
NaCl  formed  in  water,  and  extracted  the  methoxy-allyl -dlethylaminoethoxybenzene  from  an  alkaline  solution  with 
ether.  The  ether  extract  was  shaken  repeatedly  with  a  l^o  hydrochloric  acid  solution.  After  the  acid  solution  was 
made  alkaline  with  10%  sodium  hydroxide,  the  methoxy-allyl-diethylaminoethoxybenzene  separated  out  and  was 
extracted  with  ether;  the  ether  solution  was  dried  over  anhydrous  sodium  sulfate.  Following  the  removal  of  ether, 
we  distilled  the  product  twice  in  vacuo  at  2-3  mm  pressure.  The  yields  and  properties  of  products  are  listed  in 
the  table. 

The  2-chlorotriethylamine  needeci  in  this  synthesis  was  prepared  in  the  following  way:  diethylethanolamine 
was  obtained  from  ethylenechlorohydrin  and  diethylamine  (60%  yield)  [8]  and  was  chlorinated  in  chloroform  [9-12] 
or  benzene  [13]  with  thionyl  chloride.  Best  results  were  obtained  in  chloroform  with  mechanical  stirring  at —5  to 
0*.  Excess  thionyl  chloride  and  chloroform  were  distilled  off  in  vacuum.  The  2-chlorotriethylamine  hydrochloride 
was  converted  into  free  base.  Since  the  product  decomposed  on  standing  [10],  it  was  vacuum -distilled  immediately 
before  being  used.  The  yield  was  70-85%. 
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TABLE 


Substances  obtained 

Yield 
(in  %) 

Boiling  point 
(pressure  in  mm) 

n^D 

MRd 

(calc. 

79.50) 

Found  N 

m 

(calc. 

5.33%) 

2-Methoxy-6 -allyl -1-diethyl- 
aminoethoxybenzene  (I) . 

60 

141-144* (2-3) 

1.5075*^’® 

0.9842“’' 

79.70 

5.0 

2-Methoxy  -6  -propenyl  - 1  -diethyl  - 
aminoethoxybenzene  (VII)  .... 

25 

120-124  (3) 

1.5265“ 

0.9852“ 

82.1 

5.12 

2-Methoxy -4-allyl -1-diethyl - 
aminoethoxybenzene  (II) . 

50 

150-153  (2-3) 

1.5128” 

0.9817“ 

80.4 

5.6 

2-Methoxy  -4-propenyl  -1  -diethyl  - 
aminoethoxybenzene  (V) . 

61 

159-161  (2) 

1.5358*° 

0.9956” 

82.4 

5.25 

4  -Methoxy  -2  -a  llyl  -1  -diethyl- 
amlnoethoxybenzene  (III)  .... 

40 

144-148  (3) 

I.5I6O” 

0.9918*^ 

i 

80.0 

5.39 

2-Methoxy -3  -allyl -1 -diethyl - 
aminoethoxybenzene  (VI) . 

20 

142-145  (3) 

1.5050“ 

0.9698“ 

80.45 

5.65 

B.  p.  58-60*  (30  mm).  n”*®D  1.4358,  0.9166,  MBp  39.2,  calc.  38.72. 

The  methoxy-allylphenols  necessary  for  the  syntfiesls  of  methoxy-allyl-diethylamlnoethoxybenzenes  were 
obtained  in  the  following  manner. 

2-Methoxy-6-allylphenol  (o-eugenol)  (VllI).  By  starting  with  guaiacol  and  allyl  bromide  we  obtained  an 
allyl  guaiacol  ether  [14-16].  The  yield  was  65%. 

B.  p,  111-113*  (12  mm),  d“4  1.0554,  n^D  1.5345,  MRd  48.3.  calc.  47.61. 

When  the  ether  was  heated  for  1  hour  at  210-215*  in  diethylaniline,  2-methoxy-6-allylphenol  [14,  16,  17] 
was  obtained  in  80%  yield. 

B.  p.  119-121*  (12  mm),  n“-®D  1.5410,  d^-®4  1.0685,  MRp  48.2;  calc.  47.61. 

2-Methoxy-6-propenylphenol  (o-isoeugenol)  (IX)  was  prepared  from  o-eugenol  by  heating  with  aqueous  KOH 
(1  part  KOH,  1  part  HjO,  2  parts  o-eugenol)  for  3.5  hours  at  170*  [14-16]  under  a  nitrogen  atmosj^ere.  B.  p.  106- 
-109*  (3  mm).  After  distillation  the  product  immediately  crystallized  and  the  unreacted  o-eugenol  was  removed 
by  suction,  m.p.  68*.  After  recrystallization  from  benzene,  m.p.  74*.  The  yield  was  45%. 

2-Methoxy-4-allylphenol  (eugenol)  (X)  was  extracted  with  10%  KOH  from  oil  of  cloves  (Oleum  caryphylli) 
[18,  19].  The  yield  was  70%  of  die  oil  used. 

B.  p.  122-124*  (12  mm).  n“D  1.5385,  d*®4  1.0538,  MR^  48.5;  calc.  47.61. 

2-Methoxy-4-propenylphenol  (isoeugenol)  (XI)  was  prepared  from  eugenol  by  heating  the  latter  with  KOH 
and  a  small  amount  of  water  for  10  minutes  at  220*  under  a  nitrogen  atmosphere  [20].  The  yield  was  85%. 

B.  p.  128-130*  (8  mm).  n“D  1.5732,  d“4  1.0848,  MBp  49.87;  calc.  47.61. 

4-Methoxy-2-allylphenol  (XIl).  Methylation  of  hydroquinone  with  dimethylsulfate  in  a  NaOH  solution  at 
pH  8-9  (at  room  temp,  under  N2)  gave  p-methoxy phenol  [21].  Yield  was  60%,  b.p.  120-123  (8  mm),  m.p.  53*. 

From  p-methoxyphenol  and  allyl  bromide  we  obtained  p-methoxyphenyl  allyl  ether  [6].  Synthesis  was  carried 
out  under  Nj.  Yield  was  87%. 

B.  p.  120*  (10  mm).  n^D  1.5288,  d“4  1.0534,  MRp  48.00;  calc.  47.61. 

p-Methoxyphenylallyl  ether  was  heated  for  30  minutes  at  245-250*  and  gave  4-medaoxy-2-allylphenol  [6]. 
The  yield  was  60%. 

B.  p.  143-144*  (8  mm),  n^D  1.5502,  d“4  1.0865,  MBp  48.08;  calc.  47.61. 

The  hydroxyl  content  was  determined  by  acylation  in  pyridine  solution.  Found  %:  OH  10.5;  calc.  10.4. 
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2-Methoxy-3-allylphenol  (XIII).  o-Nitrophenylallyl  ether  was  prepared  from  o-nitrophenol  and  allyl 
bromide  [15]  in  a  90%  yield. 

B.  p.  123-125*  (3  mm),  n^^D  1.5550,  d‘’4  1.1926,  MRd  48.17;  calc.  47.4. 

The  ether  was  heated  for  5  hours  at  180*  and  produced  2-nltro-6-allylphenol  [15].  Synthesis  was  done  under 
nitrogen;  the  yield  was  65-70%. 

B.  p.  103-105*  (3  mm),  n“D  1.5800,  d”^  1.2148,  MRd  49.26;  calc.  47.4. 

This  compound  was  methylated  with  dimethylsulfate.  The  yield  of  2-nitto-l-methoxy-6-allylbenzene  was 
75-80%. 

B.  p.  110-114*  (3  mm),  n^D  1.5244,  d^^  1.1480,  MRp  50.3;  calc.  50.24. 

This  product  was  in  turn  reduced  with  alcoholic  sodium  sulfide.  The  yield  of  l-amlno-2-methoxy-3-allyl- 
benzene  was  65%. 

B.  p.  100-104*  (3  mm),  n^D  1.5550,  d^^  1.0394,  MRp  50.3;  calc.  50.15. 

Kjeldahl  nitrogen  determination  gave  8.32%;  calc.  8.58%.  We  dlazotized  l-amino-2-methojty-2-allyl- 
benzene  and  decomposed  the  dlazo  compound  by  dropwise  addition  of  copper  sulfate  (20  parts  CuSO^,  20  parts 
(NH4)jS04,  10  parts  NajS04,  40  parts  HjO,  30  parts  50%  H1SO4)  at  105-110*  (under  nitrogen).  The  2-methoxy-3- 
-allylphenol  was  distilled  off  with  superheated  steam.  The  yield  was  50%. 

B.  p.  119-120*  (12  mm),  n^D  1.5370,  d“4  1.0762,  MRp  47.62;  calc.  47.61. 

Acylation  In  pyrdine,  to  determine  hydroxyl  groups,  gave  10.8%;  calc.  10,4%.  Active  hydrogen  (Terent’ev 
method)  was  found  to  be  1,03, 


SUMMA  RY 

1.  We  established  that  If  alkylation  of  isomeric  methoxy-allylphenols  with  2-chlorotriethylamine  is  carried 
out  under  nitrogen  there  is  a  marked  increase  in  the  yield  of  the  corresponding  methoxy-allyl-diethylaminoethoxy- 
benzenes  as  compared  to  the  same  synthesis  run  in  ihe  presence  of  air;  the  reaction  products  are  also  much  purer. 

2.  Synthetic  methods  are  given  for  the  2-methoxy-3-allyl-l-diethylamlnoethoxybenzene  and  2-methoxy- 
-6-propenyl-l-diethylamlnoethoxybenzene,  both  prepared  for  the  first  time. 
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SYNTHESIS  OF  6-AMINO  ACIDS  FROM  AROMATIC  HYDROXY 


AND  ALKOXYALDEHYDES 

V.  M.  Rodionov*  A.  A.  Dudinskaia,  V.  G,  Avramenko  and  N.  N.  Suvorov 


One  of  us  had  discovered  [1]  a  convenient  method  of  preparing  6 -amino  acids  by  the  reaction  of  aldehydes 
with  malonic  acid  in  the  presence  of  ammonia  or  ammonium  salts;  this  method  has  now  been  extended  to  alde¬ 
hydes  or  aromatic  [2],  aliphatic  [3],  alicycllc  [4],  and  heterocyclic  [5]  series.  It  has  been  established  that  tn  the 
case  of  substituted  aromatic  aldehydes  the  yield  of  6  -amino  acids  as  well  as  the  ability  for  the  reaction  itself  to 
proceed  depends  to  a  large  extent  on  the  nature  and  position  of  the  substituents.  In  the  present  work  we  have  shown 
data  on  the  reaction  of  various  hydroxy  and  alkoxyaldehydes  with  malonic  acid,  in  the  presence  of  ammonium 
acetate  (T.  Johnson’s  modification  of  V.  M.  Rodionov's  reaction).  In  the  classical  case  a  mixture  of  two  substances 
is  formed  in  the  reaction:  6 -amino  acid  (I)  and  a, 0 -unsaturated  acid  (11). 


yCOOH 

Ar— CHO  CH3COONH4  — »• 

^COOH 

- Ar-CH-CHa-COOH  -h  Ar— CH=CH-C00H 


Monohydroxybenzaldehydes.  When  salicylaldehyde  was  boiled  with  malonic  acid  and  ammonium  acetate 
in  ethyl  alcohol,  instead  of  the  corresponding  6 -amino  acid  we  obtained  coumarin-3 -carboxylic  acid,  probably 
as  a  result  of  cycllzatlon  in  the  intermediate  o-hydroxylbenzylldenemalonic  acid. 


CHO 


.  I 


CH,; 


COOH 


COOH 


..  .CH=C^ 
^\/  \ 


COOH- 


COOH 


CH: 


'^/Xqh 

COOH 


CO 


m-Hydroxybenzaldehyde  behaved  normally  giving  a  mixture  of  6 -(3-hydroxyphenyl)-6 -alanine  (52.6*70  yield) 
and  3-hydroxycinnamic  acid  (9.5%  yield).  These  yields  were  obtained  by  carrying  out  the  reaction  in  n-butyl 
alcohol.  In  ethyl  alcohol  the  yield  of  amino  acid  was  somewhat  lower. 

When  p-hydroxybenzaldehyde,  malonic  acid,  and  ammonium  acetate  reacted  in  boiling  ethyl  alcohol,  a 
mixture  of  two  products  resulted:  diammonium  4-hydroxybenzylidenemalonate  (36.5%)  and  0-(4-hydroxyphenyl)- 
-6 -alanine  (25.5%). 

Monomethoxy^benzaldehydes.  A  mixture  of  o-methoxybenzaldehyde,  malonic  acid,  and  ammonium  acetate 
boiled  in  ethyl  alcohol  gave  only  o-methoxy cinnamic  acid  (40%  of  theoretical  yield);  the  conesponding  0 -amino 

•  Deceased. 
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acid  was  not  formed.*  In  the  case  of  m-methoxybenzaldehyde  we  obtained  a  62.5%  yield  of  6 -(3-methoxyphenyl)- 
-6 -alanine.  Under  these  conditions  p-anisaldehyde  gave  fi-(4-methoxyphenyl)-3 -alanine  (567o)  and  4-methoxy- 
cinnamic  acid  (27%). 

Dihydroxy(methoxy)benzaldehydes.  Out  of  the  three  investigated  representatives  of  this  group  (protocatechuic 
aldehyde,  vanillin,  veratrib  aldehyde)  only  veratric  aldehyde  formed  a  corresponding  6 -amino  acid  (52%  yield). 

In  the  case  of  protocatechuic  aldehyde  we  obtained  3,4-dihydroxycinnamic  acid.  Vanillin  gave  diammonium  3- 
-methoxy -4-hydroxy  benzylidenemalonate. 

The  data  presented  show  that  o-hydroxy  and  o-methoxysubstimted  benzaldehydes  (which  do  not  form  6- 
-amino  acids  when  they  react  with  malonic  acid  and  ammonium  acetate)  belong  to  a  special  group.  In  all  other 
Isomers  the  yield  of  3  -amino;  acid  from  a  methoxybenzaldehyde  is  higher  than  from  a  similarly  substituted  j^enol- 
aldehyde. 

EXPERIMENTAL 

1)  We  mixed  5  g  of  salicylaldehyde,  4.8  g  of  malonic  acid,  7.8  g  of  ammonium  acetate,  and  10  ml  of  ediyl 
alcohol  and  boiled  them  for  3  hours.  The  precipitate  that  formed  was  filtered  out  with  suction,  washed  with  hot 
alcohol,  and  when  cold, with  ether.  The  yield  was  2.6  g,  m.p.  205-207*.  The  substance  (ammonium  salt)  con- 
uined  nitrogen,  was  soluble  in  alkali,  and  insoluble  in  acids.  Recrystallization  from  40%  acetic  acid  gavecoumarin- 
3-carboxylic  acid,  m.p.  185-187*.  No  melting  point  depression  was  observed  when  the  material  was  mixed  with 

a  known  pure  sample  of  the  compound.  All  the  efforts  to  isolate  even  a  small  admixture  of  8 -amino  acid  from 
die  ammonium  salt  of  coumarin-3 -carboxylic  acid  were  unsuccessful. 

2)  n-Hydroxybenzaldehyde  was  prepared  according  to  Woodward’s  directions  [6].  We  boiled  a  mixture  of 
25  g  of  this  aldehyde.  24  g  of  malonic  acid.  37.6  g  of  ammonium  acetate,  and  49  ml  of  n-butyl  alcohol  for  2.5 
hours.  The  precipitate  was  filtered  out,  washed  with  hot  alcohol,  and  when-  cool, with  ether.  The  yield  of  6-(3- 
-hydroxyphenyl)  -fi  -alanine  was  19.5  g  (52.6%).  M.p.  222-223*  (with  decomposition,  from  50%  alcohol).  Further 
recrystallization  did  not  raise  the  melting  point.  Posner  [7]  gives  m.p.  235-236*  (with  decomp.). 

Found  %:  C  59.67,  60.02;  H  6.18,  6.07;  N  7.69.  CjHnOaN.  Calculated  %:  C  59.66;  H  6.07;  N  7.73. 

After  removal  of  6 -amino  acid  one  could  isolate  3-hydroxycinnamic  acid  from  the  mother  liquor. 

3)  We  boiled  5  g  of  p-hydroxybenzaldehyde,  4.8  g  of  malonic  acid,  7.5  g  of  ammonium  acetate,  and  10  ml 
of  ethyl  alcohol  for  3  hours.  After  the  reaction  was  completed,  we  filtered  the  precipitate  while  it  was  still  hot, 
washed  it  with  hot  alcohol,  and  with  ether, after  it  cooled  off.  We  obtained  2.7  g  of  material  which  contained 
nitrogen,  was  soluble  in  alkali  and  insoluble  in  acids.  M.  p.  188-190*  (with  decompn.).  On  the  basis  of  composi¬ 
tion  it  was  diammonium  4-hydroxybenzylidenemalonate. 

Found  %;  N  11.77,  11.70;  CioHjPgNj.  Calculated  %:  N  11.57. 

This  substance  was  heated  with  5%  sodium  hydroxide  (to  drive  off  ammonia),  the  solution  was  cooled  and 
acidified  with  dilute  hydrochloric  acid,  using  congo  red  as  indicator.  iTie  material  that  precipitated  was  filtered 
out  with  suction  and  dried  in  a  vacuum  dessicator.  M.p.  174-175®  (with  decompn.,  from  water).  The  substance 
was  analyzed  as  hydroxybenzylidenemalojiic  acid. 

Found  %;  C  53.31;  53.52;  H  4.62,  4.53.  CjcHgOs  *  HjO.  Calculated  %;  C  53.10;  H  3.54. 

A  sample  of  the  dicarboxylic  acid  obtained  was  boiled  for  2.5  hours  in  watei;  during  this  time  we  observed 
die  evolution  of  carbon  dioxide.  The  solution  was  cooled,  the  precipitate  filtered  with  suction  and  dried.  M.  p. 
194-195*  (from  water).  We  did  not  detect  any  melting  point  depression  when  this  substance  was  mixed  with  pure 
p-coumaric  acid.  Thus,  the  main  reaction  product  (36.5%  yield)  was  diammonium  4-hydroxybenzylidenemalonate. 

After  this  was  removed,  1.8  g  of  the  nitrogen-containing  material  precipitated  from  the  mother  liquor  during 
the  next  2  days;  it  was  soluble  in  acids  and  alkali.  M.p.  173-174.5*  (with  decompn,,  from  a  1  ;  1  water  —  alcohol 
mixture).  The  melting  point  did  not  change  after  furtfier  recrystallization.  The  yield  of  6 -(4-hydroxyphenyl)-6 - 


•It  should  be  pointed  out  that  one  of  us  together  with  A.  M.  Fedorova  [2]  had  obtained  6-(2-methoxyphehyl)-fl- 
-alanine  hydrochloride  by  running  the  reaction  in  alcoholic  ammonia  solution. 
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-alanine  (13 -tyrosine)  was  25.5*70.  Posner  [7]  reports  m.p.  196*. 

Found  C  59.40,  59.51;  H  6,26,  6.19;  N  7.71,  7,79.  CjHuOaN.  Calculated  C  59.66;  H  6.07;  N  7.73. 

O.N-Dibenzoyl  derivatives  6f  6-tyrosine  were  obtained  using  Schotten-Baumann  benzoylation  method.  M.p. 
194-194.5’ (with  decompn.,  from  2V]o  alcohol). 

Found  <7o:  N  3.94,  4.11.  CmHi^sN.  Calculated  <70:  N  3.60, 

4)  2-Methoxybenzaldehyde  was  prepared  according  to  literature  data  [8].  We  boiled  5  g  of  this  aldehyde, 

4.64  g  of  malonic  acid,  7.46  g  of  ammonium  acetate,  and  10  ml  of  ethyl  alcohol  for  5  hours.  No  6 -amino  acid 
precipitated.  Addition  of  water  resulted  in  precipitation  of  6-methoxyclnnamlc  acid.  M.  p.  183-184*  (from  alcohol). 

5)  3-Methoxybenzaldehyde  was  prepared  according  to  Pschorr's  directions  [9].  We  boiled  2.46  g  of  this  aldeh 
hyde,  2.34  g  of  malonic  acid,  3.44  g  of  ammonium  acetate,  and  5  ml  of  ethyl  alcohol  for  5  hours.  The  precipitated 
6 -(3-methoxyphenyl)-6 -alanine  was  filtered  out,  washed  with  alcohol  and  ether.  The  yield  was  2.2  g  (62.2%), 

M.  p.  216*  (with  decompn.,  from  50%  alcohol).  According  to  literature  data:  m.p.  216*  (with  decompn.).  [7]. 

Found  %:  C  61.88;  H  6.54;  N  6.90,  CioHisOjN.  Calculated  %:  C  61.53;  H  6.66;  N  7.18. 

6)  A  mixture  containing  10  g  of  anisaldehyde  (4-methoxybenzaldehyde),  7.8  g  of  malonic  acid,  15  g  of 
ammonium  acetate,  and  20  ml  of  alcohol  was  boiled  for  9  hours.  The  precipitate  was  filtered  out  with  suction 
while  still  hot,  washed  with  hot  alcohol,  and  with  ether,  after  it  cooled.  The  yield  of6-<4-methoxyphenyl)-6- 
-alanine  was  8  g  (56%).  M.  p.  228*  (with  decompn,).  According  to  literature  data:  m.p.  232*  (T.  Johnson  [2]). 

We  were  able  to  isolate  4-methoxycinnamlc  acid  from  the  mother  liquor  after  distilling  off  part  of  the 
solvent. 

7)  We  boiled  5  g  of  protocatechuic  aldehyde  (3,4-dihydroxybenzaldehyde),  4.9  g  of  malonic  acid,  5.58  g 
of  ammonium  acetate,  and  10  ml  of  ethyl  alcohol  for  5  hours.  No  precipitate  of  6 -amino  acid  was  observed. 
Acidification  gave  2.4  g  of  3, 4 -dihydroxy cinnamic  acid,  m.p.  194-195*  (from  water). 

8)  A  mixture  containing  5  g  of  vanillin,4.27  g  of  malonic  acid,  6.35  g  of  ammonium  acetate,  and  10  ml 
of  n -butyl  alcohol  was  boiled  for  5  hours.  A  precipitate  formed,  was  filtered  out,  washed  with  alcohol  and  ether. 

The  substance  obtained  was  soluble  in  water  and  gave  off  ammonia  when  dissolved  in  2  N  sodium  hydroxide.  On 
the  basis  of  composition  it  corresponded  to  dlammonium  3-methoxy-4-hydroxybenzylidenemalonate.  M.p.  193- 
-193.5*  (with  decoinpn.).  The  yield  was  3.6  g  (40%), 

Found  %:  C  48.24;  H  5.91;  N  10,17.  CnHifiOgNj.  Calculated  %;  C  48.56;  H  5.88;  N  10.29. 

Hydrochloric  acid  (1  :  1)  was  added  dropwise  to  a  2.1  g  solution  of  this  diammonium  salt  in  12  ml  of  2  N 
sodium  hydroxide.  We  obtained  1.9  g  of  3-methoxy-4-hydroxybenzylidenemalonic  acid.  M.  p.  212*  (with  de¬ 
compn.,  from  water). 

Found  %:  C  55.21,  55.61;  H  4.43,  4.69.  CuHioOg.  Calculated  %;  C  55.46;  H  4.20. 

When  acetylated  with  acetic  anhydride,  it  gave  an  O-acetyl  derivative.  M.  p.  173*  (with  decompn.,  from 
water). 

Found  %:  C  55.67;  H  4.41.  C13H12O7.  Calculated  %:  C  55.71;  H  4.28. 

9)  We  boiled  3.8  g  of  veratric  aldehyde  (3,4-dimethoxybenzaldehyde),  3.41  g  of  malonic  acid,  4.4  g  of  am¬ 
monium  acetate,  and  8  ml  of  n-butyl  alcohol  for  4  hours.  The  precipitated  6 -(3,4-dimethoxyphenyl)-6 -alanine 
was  filtered  out,  washed  with  alcohol  and  ether.  The  yield  was  2.68  g  (52%).  M.p.  221.5-222*  (with  decompn., 
from  water). 

Found  %:  C  58.43,  58.35:  H  6.92,  6.95;  N  5.96,  5.98.  C11H1SO4N.  Calculated  %:  C  58,66;  H  6.67; 

N  6.22. 

We  were  able  to  isolate  3,4-dimethoxycinnamic  acid,  m.p.  180-181®  (from  alcohol),  from  the  mother 

liquor. 

We  added  2  ml  of  acetic  anhydride  dropwise  at  5-10"  to  2  g  of  6 -(3.4-dimethoxyphenyl)-0 -alanine  dissolved 
in  17  ml  of  10%  sodium  hydroxide.  Mixing  was  continued  until  the  smell  of  acetic  anhydride  disappeared  (~lhour); 


2281 


the  solution  was  then  acidified  with  hydrochloric  acid  (1  ;  1)  to  a  congo  red  end-point.  We  obtained  2.55  g  of 
N-acetyl-6 -(3, 4-dimethoxyphenyl)-6 -alanine,  m.p.  169-170* (from  alcohol). 

Found  C  58.11;  H  6.80;  N  5.07,  5.34.  C^HiTOgN.  Calculated  C  58.42;  H  6.36;  N  5.24. 

SUMMARY 

The  behavior  of  isoraerichydroxy- and  methoxy-benzaldehydesin  V.M.  Rodionov’sreaction(T.  Johnson's  modifi¬ 
cation)  was  investigated.  We  established  the  following, 

1.  Salicylaldehyde  gave  coumarin-3-carboxyllc  acid  instead  of  a  6 -amino  acid,  m -Hydroxy benzalde- 
hyde  formed  6-(3-hydroxyphenyl)-8-alanine  in  a  52.3%  yield.  p-Hydroxybenzaldehyde  gave  a  mixture  of  diammo- 
nlum  4-hydroxybenzylidenemalonate(36,5%  yield)  and  8 -tyrosine  (25.5%  yield). 

2.  Among  the  respective  methoxy  aldehydes,  meta  and  para  isomers  gave  8 -amino  acids,  while  o-methoxy- 
benzaldehyde  only  an  a  ,8  -unsaturated  acid. 

3.  Out  of  the  three  disubstituted  benzaldehydes,  protocatechulc,  vanillin,  and  veratric  aldehydes,  only  the 
last  one  formed  a  8 -amino  acid. 

4.  Unique  behavior  was  noted  among  ortho -substituted  benzaldehydes  which  did  not  give  the  corresponding 
8 -amino  acids  under  the  conditions  of  V.M.  Rodionov's  reaction.  In  all  other  cases,  methoxybenzaldehydes  give 
a  higher  yield  of  8 -amino  acids  than  corresponding  similarly  substituted  phenol  aldehydes. 
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TRIAROXYISOPHOSPHAZOACYLS  OF  AROMATIC  SERIES 


A.  V.  Kirsanov  and  G.  I.  Derkach 


Triaroxyisophosphazoacyls  of  the  type  RC(OR')=NPO(OR')2  have  recently  been  prepared  by  the  following 
reaction; 


RCCl=NPOCl2-4-3NaOR' - >  3NaCl -i- RC(OR')=NPO(OR')2.  (1) 

for 


R — CCI3,  R — CflHs,  a-Ci()H7,  l,4-ClCioH()  [^]j  R — (C8H5)2CC1,  R’=a-C]oH7  and 
R=P-N02C„H4,  R'=a.Ci„H7[2]. 

Thus,  only  five  triaroxyisophosphazoacyls  were  known,  of  which  four  were  either  vitreous  substances  or  thick 
liquids,  and  only  the  last  one  crystalline.  On  the  basis  of  such  meager  material  it  was  impossible  to  make  any  de¬ 
ductions  concerning  the  general  applicability  of  reaction  (I)  or  general  properties  of  triaroxyisophosphazoacyls. 

In  a  previous  work  [3]  we  described  a  general  method  for  making  trichloroisophosphazoacyls  or  aromatic 
series;  this  enabled  us  to  find  within  what  limits  reaction  (I)  was  applicable  to  the  synthesis  of  triaroxyisophospha¬ 
zoacyls.  It  turned  out  that  the  reaction  is  generally  applicable  to  aromatic  compounds.  We  obtained  good  yields 
of  22  triaroxyisophosphazoacyls  and  1  trimethoxyisophosphazoacyl  (see  the  experimental  part  and  Table  1). 

The  aromatic  series  of  triaroxyisophosphazoacyls  have  properties  which  differ  sharply  from  those  of  isomeric 
triaroxyphosphazoacyls  [4]  as  well  as  from  those  of  the  trichloroacetic  acid  series  [1, 2].  The  aromatic  triaroxyiso¬ 
phosphazoacyls  are  crystalline,  relatively  low-melting  solids  distillable  without  decomposition  in  high  vacuum. 
When  heated  under  atmospheric  pressure  or  low  vacuum  they  gradually  undergo  carbonization  (complete  decom¬ 
position  at  320-350“)  which  is  not  accompanied  by  formation  of  triarylphosphates  (in  contrast  with  isomeric  tri¬ 
aroxyphosphazoacyls).  Therefore,  we  can  conclusively  assume  that  reaction 

heat 

ArC(OR)  =  NHP0(0R)2 - ►  OP( 011)3 

does  not  take  place,  Consequently,  when  phosphazo-  and  isophosphazoacyl  derivatives  of  carboxylic  acids  are 
thermally  cleaved,  oxygen  "jumps  over"  very  readily  [4,  5],  chlorine  somewhat  less  readily  [3],  and  aroxy  groups 
not  at  all.  For  this  reason  thermal  cleavage  of  phosphazo-  and  isophosphazo  compounds  can  be  used  to  elucidate 
their  structures. 

Triaroxyisophosphazoacyls  of  aromatic  series  are  comparatively  stable  towards  saponification.  They  do  not 
hydrolyze  in  boiling  water,  but  will  saponify  readily  and  quantitatively  only  when  boiled  with  water  —  alcohol  so¬ 
lutions  of  alkali  hydroxides;  the  reaction  proceeds  according  to  the  equation 

ArC(OAr')=NPO(OAr')2-l-2NaOH - >  Ar’ONa HoO -4- ArCONNaPO(OAr')2 

Thus,  triaroxyisophosphazoacyls  behave  approximately  the  same  way  as  triaroxyphosphazosulfonyl  compound 
[6],  Triaroxyisophosphazoacyls  saponify  incomparably  slower  than  isomeric  triaroxyphosphazoacyls  [4],  or  triaroxy- 
iso phosphazo-  and  triaroxyphosphazoacyls  of  trichloroacetic  acid  series  [1,  2]. 

It  should  be  noted  tliat  the  aromatic  series  of  triaroxyisophosphazoacyls  are  incomparably  harder  to  saponify 
than  isomeric  triaroxyphosphazoacyls,  while,  on  the  other  hand,  in  the  trichloroacetic  acid  series  triaroxyisophos¬ 
phazoacyls  are  noticeably  easier  to  saponify  than  isomeric  triaroxyphospliazoacyls,  l.e.,  ArC(OAr’)=  NPO(OAr')2 
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Triaroxyisophosphazoacyls  of  Type  ArC (OR) N  =  PO(OR)2 .Obtained  as  in  Equation  (I). 
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Diaryl  Esters  of  Acylatnidophosphoric  Acids  of  Type  ArCONHPO(OR)j, Obtained  as  in  Equation  (II) 
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Calculated  equiv.  for  all  the  esters 


■f 

arerelatively  hard  to  saponify,  approximately  thesameasRS02N=PCOR')(boillng  in  water  —  alcdiol  alkali  solutions)} 
ArCON  =  P(OAr')3  are  incomparably  easier  to  saponify  (shaking  with  water,  heating  in  96%  ediyl  alcohol);  CCI3CON* 

«=  P(OAr  )3  saponify  in  approximately  the  same  way  as  the  preceding  one;  CCl3C(OAr)=s=NPO(OAr)2  are  ex¬ 
ceptionally  easy  to  saponify  (brief  contact  with  water,  storage  in  air). 

As  a  mle  solubilities  and  melting  points  of  triaroxyisophosphazoacyls  depend  more  on  the  nature  of  the  three 
ester  groups  than  on  the  aryl  group  connected  to  the  carboxylic  carbon  atom. 

EXPERIMENTAL 

Preparation  of  triaroxyisophosphazoacyls  as  in  equation  (I).  Triphenoxyisophosphazoacyls.  To  0.02  moles 
of  trichloroisophosphazoacyl  dissolved  in  30.0  ml  of  we  rapidly  added  0.0604  moles  of  dry  powdered  sodium 
phenoxide  suspended  in  10-15  ml  of  dioxane;  this  was  accompanied  by  vigorous  stirring.  The  reaction  mixture 
became  quite  hot  because  of  reaction  heat.  Stirring  was  continued  until  the  acid  gave  neutral  reaction  with  congo 
red;  tests  were  done  on  samples  containing  2-3  drops  of  water  to  1  ml  of  reaction  mixture.  Usually,  after  5-10 
minutes  stirring,  the  acidity  disappeared,  but  in  some  cases  the  mixture  had  to  be  refluxed  for  10-15  minutes.  To 
remove  sodium  chloride  the  reaction  mixture  was  washed  with  water  (2  x  30  ml),  the  benzene  solution  dried  over 
sodium  sulfate,  and  benzene  distilled  off  under  vacuum.  The  residue  was  a  solid  crystalline  mass  or  a  thick  oil 
which  crystallized  when  we  added  1-2  ml  of  petroleum  ether  to  it  and  rubbed  with  a  glass  rod.  Triphenoxyiso¬ 
phosphazoacyls  were  highly  soluble  in  acetone,  CgHj,  less  soluble  in  CCI4,  ether,  and  petroleum  ether.  Tri-n- 
-toloxyisophosphazo-p-nitrobenzoyl  was  obtained  in  the  same  way  and  had  the  same  solubility  properties. 

Tri-a-naphthoxyisojrfiosphazoacyls.  A  0.01  mole  trichloroisophosjiiazoacyl  solution  in  40  ml  of  ether  was 
slowly  poured  into  a  freshly  prepared  0.03  mole  solution  of  sodium  a-naphthoxide  in  70  ml  of  ether.  The  warm 
solution  was  stirred  for  10-15  minutes  and  cooled  to  +  10*;  the  crystalline  precipitate  was  filtered  with  suction 
and  contained  the  reaction  product  mixed  with  sodium  chloride.  To  remove  the  latter  we  washed  the  precipitate 
widi  water  (5  X  3  ml),  then  with  ethyl  alcohol  (2x2  ml)  and  ether  (2x3  ml).  Tri-a-naphthoxyisophosphazoacyls 
are  sparingly  soluble  in  QH^,  CCI4,  and  ether,  very  sparingly  in  alcohol  and  petroleum  ether. 

Tri-p-chlorophenoxylsophosphazoacyls.  A  solution  containing  0.02  moles  of  trichloroisophosphazoacyl  in 
40  ml  of  was  mixed  with  0.0604  moles  of  sodium  p-chlorophenoxide  suspended  in  40  ml  of  ether.  The  warm 
solution  was  stirred  and  (if  necessary)  refluxed  until  it  gave  a  neutral  reaction  in  the  test  with  water.  While  sodium 
chloride  was  washed  away  with  water  (2  X  30  ml),  a  large  part  of  the  reaction  product  (60-70%)  precipitated  in  a 
crystalline  form.  To  remove  the  substance  more  completely  the  solvents  were  distilled  off  under  vacuum.  Trl- 
-p-chloro|^enoxyisophosphazoacyls  are  fairly  soluble  in  acetone,  much  less  in  CsH^,  CCI4,  ether,  and  petroleum 
ether. 


Trinitrophenoxyisophosphazoacyls.  To  0.0605  moles  of  carefully  dried  powdered  sodium  o-  or  p-nltrophen- 
oxide  we  added  0.02  g  of  trichloroisophos|diazoacyl  dissolved  in  40-50  ml  addition  was  made  all  at  once 

and  the  mixture  refluxed  with  stirring  until  an  aqueous  sample  gave  neutral  reaction  with  congo  red  (this  usually 
required  1.5 -3.5  hours).  After  the  mixture  cooled  to  room  temperature,  the  isophosphazo  compound  that  precipi¬ 
tated  was  filtered  out  with  suction,  washed  with  hot  water  (6x5  ml)  to  remove  sodium  chloride,  then  with  ethyl 
alcohol  (2X5  ml)  and  ether  (4x5  ml)  to  remove  free  nitrophenol.  Trinitrophenoxylsophosphazoacyls  are  sparingly 
soluble  in  dioxane,  acetone,  CjH#,  ethyl  alcohol,  ether,  CCI4,  and  insoluble  in  pertoleum  ether. 

Trimethoxyisophosphazo-3,5-dinitrobenzoyl.  We  cooled  a  0.045  mole  solution  of  sodium  methoxide  in  40  ml 
of  methanol  to  0*  and  added  to  it  0.015  moles  of  trichloroisophosphazo  -3  ,5-dlnitrobenzoyl  dissolved  in  40  ml  of 
CgHg;  addition  was  carried  out  with  vigorous  stirring  and  at  such  a  rate  as  would  maintain  the  temperature  of  re¬ 
action  mixture  between  0  and  5*.  Then,  the  mixture  was  heated  to  boiling  and  allowed  to  cool;  sodium  chloride 
was  removed  by  centrifugation  and  the  solvents  distilled  off  in  vacuum.  The  liquid  residue  quickly  crystallized 
after  we  added  2  ml  of  petroleum  ether,  2  ml  of  ether  and  rubbed  it  with  a  glass  rod.  Trimethoxy  isophosphazo - 
-3,5-dlnitrobenzoyl  is  slightly  soluble  in  CgHs,  acetone,  methanol,  much  less  in  petroleum  ether,  CCI4,  and  ether. 

Diaryl  esters  of  acylamidophosphoric  acids  obtained  from  hydrolysis  of  triaroxyisophosphazoacyls  as  in  equa¬ 
tion  (II).  A  mixture  containing  0.001  moles  of  triaroxyisophosphazoacyl,  60  ml  of  ethyl  alcohol,  and  10  ml  of 
2  N  aqueous  sodium  hydroxide  was  refluxed  for  one  hour.  Meanwhile  the  solid  completely  dissolved.  We  distilled 
off  ethyl  alcohol  in  vacuum  and  added  5  rnl  of  water  plus  5  N  hydrochloric  acid  until  the  solution  became  acid  to 
Congo  red.  At  the  same  time  the  diesters  came  out  of  solution  as  oils  which  soon  crystallized.  They  were  filtered 
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with  suction,  washed  with  water  (2X5  ml),  ethyl  alcohol  (2x1  ml)  and  recrystallized.  All  the  diesters  of  acyl- 
amidophosphoric  acid  were  soluble  in  acetone,  slightly  soluble  in  etfier,  ethyl  alcohol,  CjH^  and  rather  insoluble 
in  CCI4  and  petroleum  ether.  Diesters  of  acylamidophosphoric  acids  are  weak  monobasic  acids,  and  form  readily 
water  -  soluble  salts  with  alkali  hydroxides.  Analytical  data  and  melting  points  are  given  in  Table  2. 

SUMMARY 

Action  of  sodium  aroxides  on  trichloroisophosphazoacyls  of  aromatic  series  produced  triaroxyisophosphazoacyls; 
their  properties  are  described. 

It  was  demonstrated  that  during  thermal  cleavage  of  triaroxyisophosphazoacyls  the  aroxy  group  could  not 
split  out  to  give  triarylphosphates. 

Alkaline  saponification  of  triaroxyisophosphazoacyls  yielded  diaryl  esters  of  acylamidophosphoric  acids  of 
aromatic  series;  their  properties  are  described. 
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SOME  0.6 -DIARYLETHYLAMINES 


N.  K.  Kochetkov  and  M.  I.  Petruchenko 


A  series  of  fatty  aromatic  amines  possess  a  high  pharmacological  activity,  and  some  of  them  ha  ve  found 
practical  medicinal  use.  Derivatives  of  6  -phenylethylamine  and  its  branched  homologs  constimte  a  large  and 
important  group  in  this  class  of  compounds.  At  the  same  time,  there  is  almost  no  information  in  the  chemical 
literature  about  the  physiological  activity  of  0.0-diarylethylamines.  Some  cyclic  analogs  of  these  compounds 
(containing  piperidine  ring)  show  great  stimulating  action  on  the  central  nervous  system  [1].  In  connection  with 
this,  it  was  interesting  to  discover  the  pharmacological  activity  of  some  6.6-diarylethylamine  derivatives,  and 
in  particular,of  N-alkyl-0,6-diarylethylamlnes. 

The  synthesis  of  compounds  we  were  interested  in  was  carried  out  as  in  equation 

Ar. 

ArCHaCN  -►  ArCHBrCN  ->  NcHCN  -► 

(I)  Ar'^  fll) 

Ar\ 

/'CHCHjNHR 
Ar'/  (IV) 


Ar. 
Ar'"^(ni) 


\CHCH2NH2 


Diarylacetonitriles  were  prepared  by  condensing  bromoarylacetonitriles  (I)  with  aroma  tic  compounds  in  the 
presence  of  aluminum  chloride  [2,  3],  Two  of  them  —  phenyl -p-eihoxyphenylacetonitrile  (11^  Ar*  C^Hs,  Ar*  = 

=  p-CjH^CgH^)  and  irfienyl-p-chloroj^ienylacetonitrile  (II,  Ar=C6H5,  Ar’  =  p-ClC^H4)  —  are  described  for  the 
first  time.  Diarylacetonitriles  were  catalytically  reduced  with  hydrogen  over  Raney  nickel  in  alcoholic  solution 
at  45-70*  under  60-70  atm.  This  method  gave  better  results  than  other  variations  of  catalytic  hydrogenation  de¬ 
scribed  in  the  literature;  the  yield  of  diarylethylamlnes  (III)  could  be  as  high  as  70-90%,  Traces  of  alcoholates 
were  placed  in  the  reaction  mixture  to  suppress  any  side  reactions  which  might  lead  to  the  formation  of  secondary 
amines. 


In  the  syntfiesis  of  previously  unknown  N-alkyl-6,6 -diarylethylamlnes  (IV)  the  greatest  difficulties  were 
encountered  in  the  last  step  (monoalkylation  of  a  primary  amino  group).  Direct  alkylation  with  alkyl  halides  in 
the  presence  of  alkali  gave  mainly  tertiary  amines;  when  a  deficiency  of  alkylating  material  was  used,  we  ob¬ 
tained  complicated  mixtures  containing  secondary  and  tertiary  amines  togedier  with  original  primary,  and  it  was 
very  difficult  to  separate  the  secondary  amine.  Unsatisfactory  results  were  also  obtained  in  alkylation  with  di- 
alkylsulfates  and  in  alkylation  of  p-toluylsulfonyl  derivatives  of  0,0 -diaryl ethylamines. 


The  me±od  of  Sp3th  and  Bmck[4]  gave  the  best  results  in  ±e  preparation  of  N -methyl -0,0  -diarylethylamlnes 
(65-75%  yield);  this  method  involved  die  alkylation  of  corresponding  anil  derivatives  with  alkyl  halides  and  sub¬ 
sequent  hydrolysis  of  N -methyl  bases. 


CHo 


(III)  ^'^NcHCHgN^-CHCcHr, 

Ar/ 


Ar 


— L  \CHCH2N+=CHCBHr,  — 


Ar' 


/ 


^CHCHaNHCH 
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However,  when  this  method  was  applied  to  make  N -alkyl  derivatives  with  larger  radicals,  It  did  not  give  the 
desired  product.  When  die  amine  was  alkylated  with  ethyl  bromide,  die  yield  of  N -ethyl  derivative  was  insignifi¬ 
cant;  higher  alkyl  halides  gave  completely  negative  results. 

To  obtain  N-alkyl-0,0 -dlarylethylamines  with  radicals  larger  than  methyl,  we  catalytically  alkylated 
primary  amines  with  respective  alcohols  by  heating  them  in  the  presence  of  Raney  nickel  [5];  this  was  applied  for 
the  first  time  to  alkylation  of  aliphatic  amines.  This  method  proved  to  be  convenient  enough  and  enabled  us  to 
prepare  N-isoamyl -0,0 -diphenyl-,  N -ethyl-0 -phenyl-0 -p-chlorophenyl-,  and  N -ethyl-0 -phenyl-0 -p-ethoxy- 
phenylethylamine  in  a  35-90%  yield. 

We  prepared  also  a  few  representative  N, N -dialkyl -0, 0 -diarylethyla mines  so  as  to  compare  the  pharmacol¬ 
ogical  activities  of  monoalkyl  derivatives  with  those  of  corresponding  tertiary  amines.  These  were  synthesized,  in 
the  usual  way  (direct  alkylation  of  corresponding  0,0 -diarylalkylamines  with  alkyl  halides  in  the  presence  of 
alkali). 

The  N -alkyl -0,0-diarylethylamines  we  obtained  were  colorless,  oily  liquids,  stable  in  storage.  They  formed 
easily-crystallizing  hydrochlorides.  In  some  cases  picrates  were  also  made  to  characterize  the  amines. 

0,0 -Diarylethylamine  (III),  N -alkyl-0,0 -diarylethylamine  (IV),  and  N,N -dialkyl-0,0 -diarylethylamine 
hydrochlorides  were  tested  for  their  physiological  activity  by  N.  A.  Kmglov  in  the  pharmacological  section  of  the 
Institute.  They  all  were  inferior  to  phenocoll  in  their  stimulating  action  on  the  central  nervous  system;  com¬ 
pounds  (III)  (Ar  ==  CgHs,  Ar*^  =  P-CIC5H4  and  p-C2H5CgH4)  approached  phenocoll  in  activity.  Compounds  of  type 
(III)  and  (IV)  showed  weak  antihistamine  activity  and  weak  anesthetic  action. 

EXPERIMENTAL 

Diphenylacetonitrile  (50%  yield,  m.p.  72-74"),  phenyl-p-tolylacetonitrile  (50%  yield,  m.p.  60")  and  j^enyl- 
-p-methoxyphenylacetonitrile  (15%  yield,  b.p.  170-172"  at  2  mm)  were  obtained  by  known  methods  [3]. 

Phenyl -p-ethoxyphenylacetonitrile.  To  a  solution  containing  bromobenzyl  cyanide  (prepared  from  59  g  of 
benzyl  cyanide  and  88  g  of  bromine  and  used  without  separation)  and  300  g  of  phenetoleinl35  ml  of  nitrobenzene 
we  gradually  added  66  g  of  aluminum  chloride  at  50";  the  mixture  was  then  heated  for  2  hours  at  110",  left  at 
room  temperature  for  24  hours,  frozen  and  treated  with  concentrated  hydrochloric  acid  and  extracted  with  ether; 
the  extract  was  washed  with  a  sodium  carbonate  solution  and  water,  then  dried  over  sodium  sulfate.  The  solvent 
was  distilled  off  and  the  residue  vacuum-distilled;  we  collected  the  160-195"  (at  1  mm)  fraction  which  crystallized 
completely  in  the  receiver.  The  yield  was  24.5  g  (20%  computed  from  benzyl  cyanide),  m.p.  89-90"  (from  ethyl 
alcohol). 

Found  %;  C  81.08,  81.18;  H  6.43,  6.46;  N  5.74,  5.82.  CisHijON.  Calculated  %;  C  81.01;  H  6.75; 

N  5.90. 

Phenyl -p-chlorophenylacetonitrile.  was  similarly  obtained  from  59  g  of  benzyl  cyanide,  88  g  of  bromine, 
and  300  g  of  chlorobenzene  in  135  ml  of  nitrobenzene  plus  66  g  of  aluminum  chloride.  The  yield  was  33  g  (25%), 
b.p.  170-171"  at  3  mm,  m.p.  74-78"  (from  ethyl  alcohol). 

Found  %:  N  6.01,  5.88;  Cl  15.39,  15.43.  Ci4HioNCl.  Calculated  %:  N  6.22;  Cl  15.58. 

Diary lethylamines.  Concentrated  metlianol  solution  of  diarylacetonitrile  was  hydrogenated  at  60-70  atm.  and 
40-50"  in  the  presence  of  Raney  nickel  (50%  by  weight  of  nitrile  used)  until  absorption  of  hydrogen  stopped  (usually 
2-3  hours).  Before  hydrogenation  we  added  0.1-0.25  g  of  sodium  to  the  solution.  We  filtered  away  the  catalyst, 
added  dilute  hydrochloric  acid  until  the  mixture  became  acidic  and  distilled  off  the  alcohol  in  vacuum.  The  aqueous 
acidic  solution  was  washed  with  ether,  made  strongly  basic  with  alkali  hydroxide,  and  extracted  with  ether;  the  ex¬ 
tract  was  dried  over  sodium  sulfate,  the  solvents  distilled  off,  and  the  residue  distilled  in  vacuum.  Hydrochloride 
was  prepared  by  saturating  an  ether  solution  of  the  amine  with  anhydrous  hydrogen  chloride  and  purified  by  precipi¬ 
tating  with  ether  from  alcohol  or  acetone.  The  data  on  compounds  obtained  are  compiled  in  Table  1. 

N -Methoyl- 0.0 -diarylethylamine.  We  heated  1  mole  of  0,0 -diarylethylamine  with  1.2  moles  of  benzalde- 
hyde  for  0.5  hours  over  a  water  bath  and  distilled  off  in  vacuum  (at  temperature  not  in  excess  of  50")  the  water 
produced;  we  then  added  1.2  moles  of  methyl  iodide  and  heated  the  mixture  for  10-12  hours  on  a  water  bath  at 
70".  After  the  solution  cooled,  we  added  30-40  ml  of  methanol,  5  ml  of  water  and  refluxed  for  15-20  minutes; 
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fl,fl-Dlarylethylamines  pCHCH,NH, 
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N-Alkyl-fl,6  -diarylediylamines  );CHCH,nhr 


According  to  literature  data  [6]:  b,p.  189-190*  at  22  rnm;  hydrochloride,  m.p.  149*. 


the  benzaldehyde  was  then  steam-distilled,  the  residue  acidified  with  acetic  acid,  neutral  products  extracted  with 
ether,  and  the  aqueous  layer  made  basic  with  alkali  hydroxides;  the  base  sepa rating-out  was  extracted  with  ether, 
dried,  and  distilled  in  vacuum. 

Hydrochlorides  were  made  by  passing  anhydrous  hydrogen  chloride  through  an  ether  solution  of  amine.  Puri- 
Hcation  was  done  by  precipitating  from  acetone  with  ether.  The  data  on  compounds  obtained  are  compiled  in 
Table  2. 

N"Alkyl-fl,B  -diarylethylamines.  We  heated  1  mole  of  6»fl-dlarylethylamine  in  a  lO-fold  excess  of  suit¬ 
able  alcohol  for  12-14  hours  (with  stirring  over  a  water  bath)  in  the  presence  of  Raney  nickel  (507o  by  weight  of 
amine  used).  After  the  mixture  cooled,  the  catalyst  was  filtered  away,  alcoholic  solution  dried,  alcohol  distilled 
off,  and  the  reaction  product  vacuum-distilled.  Hydrochlorides  were  prepared  and  purified  in  a  way  already  de¬ 
scribed.  The  data  on  compounds  obtained  are  compiled  in  Table  3. 

N,N-Dialkyl-6,6 -diarylethylamines.  Alkyl  bromide  (2.2  moles)  was  added  gradually  (and  witfi  stirring)  to 
a  mixture  of  0,6-dlarylethylamlne  (1  mole)  and  6%  aqueous  sodium  hydroxide  (3  moles);  the  reaction  mixture 
was  then  heated  for  2  hours.  It  was  left  standing  at  room  temperature  for  24  hours,  after  which  the  base  was  ex¬ 
tracted  with  ether.  The  ether  solution  was  dried  over  sodium  sulfate,  the  ether  distilled  off  and  the  reaction  pro¬ 
duct  vacuum -distilled.  Hydrochlorides  were  prepared  and  purified  in  the  usual  way.  The  data  on  the  compounds 
prepared  are  compiled  in  Table  4. 

SUMMARY 

1.  A  series  of  N -alkyl-6,6  -diarylethylamines  were  prepared. 

2.  Methylation  of  corresponding  anils  with  methyl  iodide  was  used  in  monualkylation  of  6,6-dlarylalkyl- 
amines.  Monoalkyl  derivatives  with  larger  radicals  were  prepared  by  catalytic  alkylation  of  primary  amines  with 
alcdiols  in  the  presence  of  Raney  nickel. 
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RESEARCH  IN  THE  FIELD  OF  UNSYMMETRIC AL  ORGANIC  a-OXIDES 


XVII.  REACTION  OF  PENTADIENYL  OXIDE  WITH  ETHYL  SODIOACETOACETATE 

F.  G.  Ponomarev  and  lu.  M.  Moslchkin 


Continuing  our  Investigation  of  various  chemical  transformations  of  pentadiene  oxides  [1],  we  are  reporting 
in  this  work  the  experimental  results  on  the  conderuation  of  ethyl  sodioacetoacetate  with  l,2-epoxypentene-3  (1), 
and  2,3-epoxypentene-4  (II).  The  products  of  these  reactions  (unsaturated  y  -lactones)  have  not  been  described 
in  the  literature  before.  Besides,  they  might  be  of  considerable  physiological  Interest,  in  analogy  with  other 
active  compounds  containing  butyrolactone  groupings  [2-4]. 

We  know  from  the  literature,  that  when  ethyl  sodioacetoacetate  adds  to  l,2-epoxybutene-3 ,  it  does  so  to  a 
large  extent  against  Markownikoff’s rule,  forming  two  isomeric  lactones  (a)  and  (b)  whose  stmcture  has  been  proven 
[5]. 


CH2=CH— CH -CHa 

I  I 

O  CH— CO— CH.) 

\/ 


CO 

(a) 


and 


HgC— CH— CH^CHo 

I  I 

O  CH-CO-CHg 
\  / 

CO 


(b) 


When  l,2-epoxypentene-3  (I)  was  condensed  with  ethyl  sodioacetoacetate  just  as  in  the  case  of  1,2-epoxy- 
bntene-3,  we  expected  to  get  a  mixture  of  lactones  which  have  been  assigned  the  structures  of  a-aceto-y  -pro- 
penyl-y -butyrolactone  (III)  and  a-aceto- 0-propenyl-y  -butyrolactone  (IV)  in  analogy  with  the  pentene  case. 


CH2-CH-CH=CHCH3 

\/ 


O  (I) 


CH,C0CH,C00C,H5 

NbOC,H, 


CH3CH=CH-CH-CH2 

I  I 

O  CH-CO— CH3  and 
\/ 

CO 

(III) 


HgC-CH-CH^CHCHg 

I  I 

O  CH— CO— CH3 

Yo 


(tV) 


Since  the  reactivity  of  a  primary  carbon  atom  in  the  ring  of  the  smdied  oxide  is  greater  than  that  of  a 
secondary  (similar  to  other  unsymmetrical  oxides  [6]),  one  would  consequently  expect  a  predominant  formation  of 
lactone  (III).  However,  in  the  case  of  2,3-epoxypentene-4  (II)  reaction  with  ethyl  sodioacetoacetate, the  main  pro¬ 
duct  seemed  to  be  a-acetyl-B -vinyl- y  -methyl-y -butyrolactone  (V)  formed  through  the  action  of  reagent  anion 
on  the  most  reactive  (tertiary)  carbon  atom  of  the  oxide  (II). 


1  2  3  4  5 

CH3-CH-CH-CH=CH2 

\/ 

O  (II) 


CH,COCH,COOC,H, 

NaOCjH, 


CHn— CH— CH— CH=CH2 

'  I  I 

O  CH— CO-CH3 

\/ 

CO 

(V) 
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The  presence  and  location  of  a  double  bond  in  lactone  (V)  was  determined  by  oxidation  with  potassium  per¬ 
manganate.  Formic  acid  was  shown  to  be  present  among  the  oxidation  products, 

EXPERIMENTAL 

Pentadiene  oxides  (I)  and  (II)  needed  in  this  investigation  were  prepared  from  pentadiene  by  a  previously  de¬ 
scribed  method  and  had  the  following  properties: 

(I)  -  b.p.  82-84*.  d*°4  0.8465,  n*°D  1.4129,  MR^,  24.78;  calc.  24.26. 

(II)  -  b.p.  104-106*.  d*®4  0.8768,  n*°D  1.4339,  MRp  24.85;  calc.  24.26. 

These  constantsare  practically  identical  with  the  ones  listed  in  the  literature  [1,  7,  8]. 

Reaction  of  l,2-epoxyperitene-3-  (I)  with  ethyl  sodioacetoacetate.  We  added  14  g  of  freshly  distilled  ethyl 
acetoacetate  (b.p.  68-69“  at  10  mm,  n^"D  1.4208)  to  an  alcoholic  solution  of  sodium  ethoxide  (3  g  of  sodium  in 
44  ml  of  absolute  ethyl  alcohol).  Next,  we  gradually  added  8.4  g  of  l,2-epoxypentene-3  with  stirring.  Evolution 
of  heat  was  observed  which  raised  the  temperature  from  0  to  50*  and  the  mixture  acquired  a  deep-red  coloration. 
After  the  addition  of  oxide  was  completed,  a  reflux  condenser  with  a  calcium  chloride  tube  was  attached  to  the 
flask  and  the  mixture  heated  for  6  hours  in  a  water  bath  at  50-60*.  A  few  hours  later  a  solid  snow-white  sodium 
derivative  of  the  lactone  precipitated  out.  The  next  day  ethyl  alcohol  was  distilled  off  under  reduced  pressure, 
and  the  colored  amorphous  residue  was  dissolved  (the  flask  had  to  be  cooled  with  ice  water)  in  150  ml  of  35% 
acetic  acid.  The  resulting  solution  was  saturated  with  sodium  chloride,  extracted  many  times  with  ether,  and  the 
ether  extract  dried  over  anhydrous  sodium  sulfate.  Ether  was  driven  off  and  the  residue  distilled  in  vacuum.  We 
obtained  10  g  of  condensation  products  (120-155*  fraction  at  8  mm)  from  which  after  subsequent  two-fold  fraction¬ 
ation  we  isolated  about  1  g  of  a-aceto-y  -propenyl-y-butyrolactone  (111)  (with  admixture  of  (IV))  in  the  form  of 
a  light -yellow  oil  with  a  pleasant  smell. 

B.  p.  152-155*  at  8  mm,  d^®4  1.1211,  n*®D  1.4671,  MR^  41.62;  calc.  41.79. 

Found  %:  C  64.34;  H  6.83.  M  167.5,  170.1  (in  benzene),  C9HJ2O3.  Calculated  %:  C  64,27;  H  7,16. 

M  168.2. 

It  was  highly  soluble  in  ether,  acetone,  ethyl  acetoacetate,  not  so  much  in  water.  It  rapidly  decolorized 
aqueous, bromineand  potassium  permanganate  solutions. 

Reaction  of  2,3  -epoxypentene  -4  (II)  with  ethyl  sodioacetoacetate.  We  added  16.8  g  of  freshly  distilled  ethyl 
acetoacetate  and  10  g  of  2,3 -epoxypentene -4  (II)  to  an  alcoholic  solution  of  sodium  ethoxide  (3.6  g  of  sodium  in 
53  ml  of  absolute  ethyl  alcohol).  In  contrast  with  the  preceding  reaction  (with  compound  (I))  no  evolution  of  heat 
was  observed  in  this  case.  The  mixture  was  heated  for  12  hours  over  a  water  bath  at  50-60*  and  the  alcohol  driven 
off  under  reduced  pressure;  the  residue  was  dissolved  in  5%  sulfuric  acid  (300  ml)  and  extracted  with  ether;  the 
ether  extract  was  dried  over  anhydrous  sodium  sulfate,  ether  driven  off  and  the  reaction  product  vacuum-distilled. 

We  obtained  from  this  3.1  g  (15.5%)  of  a-aceto-6 -vinyl-y  -methyl -y-butyrolactone  (V).* 

Lactone  (V)  was  a  yellowish  oil  with  a  pleasant  peppermint  smell. 

B.  p.  126.-126.5*  at  8  mm.  d*®4  1.0764,  n*®D  1.4585,  MR^  42.43;  calc.  41.79. 

Found  %:  C  65.07;  H  7.25,  M  165.9,  169.2  (in  benzene).  C9H12O3.  Calculated  %:  C  64.27;  H  7.16. 

M  168.2. 

It  was  highly  soluble  in  ether,  benzene,  acetone,  ethylacetoacetate,  sparingly  in  water.  It  rapidly  decolorized 
and  aqueous  solution  of  bromine  or  potassium  permanganate.  It  dissolved  in  aqueous  ammonia  and  could  be  re¬ 
covered  unchanged  on  acidification. 

Oxidation  of  lactone  (V)  with  potassium  permanganate.  To  a  2  g  lactone  solution  in  5  ml  of  acetone  we 
added  55  ml  of  5%  water-acetone  potassium  permanganate  solution  (dropwise  over  a  period  of  3  hours)  while  the 
solution  was  being  stirred  and  cooled  with  ice  water.  The  next  day  we  filtered  away  the  manganese  dioxide  and 
distilled  off  the  acetone  from  the  filtrate  on  a  water  bath.  The  residue  contained  fofmic  acid,  which  when  warmed 


•  If  dissolved  in  35%  acetic  acid  the  yield  decreased  to  10,5%. 
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up  with  mercuric  chloride  precipitated  white  calomel,  m.p.  301*,  and  with  silver  nitrate  formed  a  black  silver  de¬ 
posit. 


SUMMARY 

Products  obtained  in  the  reaction  of  l,2-epoxypentene-3  and  2,3-epoxypentene-4  wldi  ethyl  sodioaceto- 
acetate  are  described. 
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DISSOCIATION  OF  A  RYL  C  A  RBINOLS  AND  SOME  OTHER  COMPOUNDS 

IN  NITROBENZENE.  II 


E.  I.  Kviat 


In  a  preceding  communication  [1],  using  conductometric  and  spectrophotometric  methods,  we  studied  the 
dissociation  of  malachite  green  and  crystal  violet  dyes,  as  well  as  their  amine  base,  carbinol  base,  and  methyl 
ether  derivatives.  In  the  present  work  we  have  investigated  the  dissociation  of  acridine  bases  conductometrically. 

Experiments  were  conducted  on  9-phenyl-lO-methylacridinium  iodide  (I),  9-phenyl-10-methyl-9-hydroxy- 
-9,10-dIhydroacridine  (II),  and  on  the  methyl  ether  of  the  latter  (III).  We  found  out  that  all  these  compounds  also 
dissociated  in  nitrobenzene  solutions,  where  tlie  dissociation  of  covalent  compounds  resulted  in  the  formation  of 
9-phenyl-lO-methylacridinlum  cations  (I*),  as  shown  in  the  equation  below. 


(Xx) 

C^Hs^X 


cieHs  J 


where  x  =I 


(!') 

(I).  OH  (II),  OCH3  (III) 


As  may  be  seen  in  Table  1,  the  electrical  conductance  of  (I)  did  not  change  on  standing  (constant  conductance 
was  observed  over  a  period  of  a  year).  After  dilution,  the  equilibrium  was  established  almost  instantaneously  and 
tire  changes  in  specific  conductance  were  approximately  proportional  to  dilution.  Thus,  9-phenyl-lO-methyl- 
acridinium  iodide  as  well  as  malachite  green  and  crystal  violet  behaved  like  strong  electrolytes  in  nitrobenzene 
[1]. 

The  limiting  equivalent  conductance  of  compound  (I)  is  X®  =  34  ohm”^  •  cm*.  It  was  determined  by  extrap¬ 
olation  to  infinite  dilution.  The  limiting  ion  conductance  of  org.inic  cation  (I’)  was  calculated  from  the  above - 
listed  value  for. compound  (I)  and  the  limiting  iodide  ion  conductance  (\®j-  =  20  ohm“^  •  cm*)  [13].  The  calculated 
value  for  compound  (I’)  was  X®  =  14  ohm"^  •  cm*.  The  value  obtained  was  approximately  2  times  larger  than  the 
limiting  conductance  of  malachite  green  and  crystal  violet  cations  [1]. 

With  compounds  (II)  and  (III)  we  observed  a  gradual  increase  in  conductance  on  standing  and  a  nonproportional 
conductance  change  with  dilution;  the  same  had  been  observed  with  carbinol  bases  and  other  covalent  derivatives 
of  crystal  violet  and  malachite  green.  A  particularly  large  increase  in  conductance  was  observed  during  the  first 
15  days.  We  were  unable  to  attain  an  equilibrium  state. 

We  were  unable  to  determine  the  degree  of  dissociation  of  acridine  derivatives  spectrophotometrically  and 
calculate  from  it  the  limiting  equivalent  conductance  (as  was  done  for  malachite  green),  since  the  Xj^^^  of  acri¬ 
dine  derivatives  was  too  close  to  that  of  nitrobenzene.  The  limiting  conductance  of  acridine  derivatives  was  cal¬ 
culated  by  summing  up  the  conductance  of  organic  cation  (I')  and  that  of  the  respective  anions.  In  a  preceding 
communication  [1]  we  determined  die  values  for  OH'  and  CHsO'  ions,  “  ^“gHjO  =  ohm'^  •  cm*. 

We  obtained  X®  =  31.5  ohm"^  •  cm*  for  the  limiting  equivalent  conductance  of  carbinol  and  methoxy  acridine 
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TABLE  1 


Conductance  of  Compounds  (I),  (II),  and  (III)  In  Nitrobenzene 


(1) 

(It) 

(III) 

Concentration 

Days 

(m) 

X  •  Itt' 

X 

X  .  10' 

>. 

X  .  )()'> 

X 

1 

25.3 

25.3 

1.62 

0.16 

2.65 

0.26 

2 

25.3 

25.3 

3.48 

0.35 

3.50 

0.35 

5 

25.3 

25.3 

4.28 

0.43 

4.6 

0.46 

10-2 

8 

25.3 

25.3 

5.0 

0.50 

5.1 

0.51 

10 

25.3 

25.3 

5.12 

0.51 

5.25 

0.52 

15 

25.3 

25.3 

5.53 

0.55 

5.77 

0.58 

90 

3 

25.3 

12.54 

1.25 

11.5 

1.15 

1 

6.1 

30.5 

1.58 

0.79 

2.52 

1.12 

2 

6.1 

30.5 

2.3 

1.15 

2.71 

1.35 

2  •  10“^ 

5 

6.1 

30.5 

2.82 

1.41 

3.26 

1.62 

8 

6.1 

30.5 

3.16 

1.58 

3.35 

1.67 

15 

6.1 

30.5 

3.54 

1.72 

3.75 

1.87 

90 

6.1 

30.5 

9.4 

4.7 

8.1 

4.05 

1 

1.3 

32.5 

1.45 

3.62 

1.16 

2.9 

2 

1.3 

32.5 

1.95 

4.88 

1.64 

4.1 

4  •  10-^ 

5 

1.3 

32.5 

2.25 

5.6 

1.86 

4.62 

8 

1.3 

32.5 

2.50 

6.25 

2.1 

5.25 

15 

1.3 

32.5 

2.87 

7.16 

2.54 

6.3 

90 

1.3 

32.5 

4.5 

11.2 

4.4 

11.0  " 

TABLE  2 


Concentration 

Degree  of  dissociation 

i  a  (in  '^o) 

(moles /liter) 

(I) 

(II) 

(HI) 

10-2 

89 

4.1 

3.8 

2  •  10-3 

98 

15.5 

13.3 

4  .  10-4 

lOO 

36.5 

35.8 

derivatives.  In  view  of  the  fact  that  we  were  unable  to  attain  an  equilibrium  state  for  compounds  (II)  and  (III),  the 
degree  of  dissociation  was  computed  for  the  conductance  data  obtained  on  the  90th  day  after  dilution  (Table  2). 
Therefore,  as  one  would  expect,  the  dissociation  constants  of  acridine  derivatives  calculated  from  these  values 
differed  considerably  from  each  other  at  different  concentrations.  The  dissociation  constant  of  acridinium  iodide 
was  K  =  4  X  10”*,  and  free  energy  AFo  =  1770  Real/  mole.  The  degree  of  dissociation  and  dissociation  constants 
of  compounds  (I),  (II),  and  (III)  in  nitrobenzene  were  determined  by  the  approximate  Debye  and  Onsager  method 
[3]  with  the  help  of  Schedlovsky’s  tables  [4], 

I  wish  to  express  my  deepest  thanks  to  O.F.  Ginzburg  for  his  valuable  suggestions. 

EXPERIMENTAL 

Conductance  determinations  were  done  using  a  method  described  in  a  preceding  communication  [1].  Com¬ 
pounds  (I),  (II),  and  (III)  were  synthesized  according  to  literature  data  [2]. 

Observations  on  die  change  of  conductance  in  solutions  were  carried  out  over  a  period  of  few  months  from 
the  time  of  their  preparation.  Solutions  studied  were  prepared  through  successive  dilutions.  The  solutions  were 
alternately  diluted  on  the  fifteenth  day  after  preparation. 
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SUMMARY 


1.  It  was  determined  that  9-phenyl-lO-methylacridinium  iodide  acts  as  a  strong  electrolyte  in  nitrobenzene 
solution.  Conductance  change  is  propKjrtional  to  dilution.  Dissociation  is  instantaneous.  Dissociation  of  9-phenyl- 
10-methyl-9-hydroxy-9,10-dihydroacridine  and  of  its  methyl  ether  takes  place  slowly  and  Increases  with  dilution. 

2.  We  have  calculated  the  limiting  equivalent  conductances  of  9-phenyl’-10-methylacridlnium  iodide,  9- 
-phenyl-10-methyl-9-hydroxy-9,10-dihydroacridine  and  of  its  methyl  ether,  and  also  of  9-phenyl-lO-methylacri- 
dinium  cation  in  nitrobenzene  solutions. 

3.  We  have  calculated  the  degree  of  dissociation  of  acridine  derivatives  at  different  concentrations  in  nitro¬ 
benzene,  and  also  the  dissociation  constant  of  9-phenyl-lO-methylacridinium  iodide. 
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REACTIONS  OF  AROMATIC  NITRO  COMPOUNDS 


IV.  TRANSALKYLATION  OF  2,4-DINITROPHENOLIC  ETHERS 
S.  S.  Gltis,  M.  S.  Malinovskii  and  A.  I.  Glaz 

We  have  recently  shown  that  a  methoxy  group  In  2,4-dinitroanisole  can  easily  be  replaced  wltfi  other  alkoxy 
groups  at  room  temperature  [1].  We  presumed  that  the  mechanism  of  this  reaction  was  similar  to  that  of  trinitro- 
anlsole  with  alcoholates  [2],  according  to  which,  when  alcoholic  alkali  reacts  with  2,4-dlnltroanlsole,they  form  an 
intensely  colored  Intermediate  of  quinoid  stmcture,  one  similar  to  the  intermediate  quinoid  complex  proposed  by 
Sevan  and  Bye  [3]  in  their  work  on  metfioxylation  of  mono-  and  dinitrofluorobenzenes. 

In  the  present  work  we  have  discussed  the  peralkylation  not  only  of  2,4-dlnltroanlsole,  but  also  of  other 
alkyl  ethers  of  2,4-dinitrophenol. 

We  established  a  rule,  that  when  one  group  replaced  another, the  alkoxy  group  with  the  most  negative  inductive 
effect  would  be  displaced. 


TABLE  1 


Amount  of  KOH  (in  moles) 
per  1  mole  of  2,4-dinitro¬ 
anisole. 

Melting  point  of  unre- 
crystallized  product. 

Yield  (in  %) 

1.0 

67-70* 

82 

1.5 

72-75 

85 

2.0 

75-78 

85 

2.5 

79-81 

87 

3.0 

80-83 

90 

3.5 

82-84 

90 

4.0 

83-85 

90 

5.0 

79.5-81 

90 

We  found  out,  that  the  following  could  be  prepared  in  good  yields  through  peralkylation:  2.4-dinittoanlsole 
from  2,4-dinitrophenyl  6 -hydroxy ethyl  ether,  2,4-dinitrophenol  from  2,4-dinitroanisole,  2,4-dlnitrophenyl  n-propyl 
ether  from  2,4-dlnltrophenetole,  2,4-dinitrophenyl  n-butyl  ether  from  2,4-dinitrophenyl  n-propyl  ether,  2,4-dinltro- 
phenyl  primary -isobutyl  ether  from  2,4-dinitrophenyl  n-butyl  ether,  2,4 -dinitrofrfienyl  primary -isoamyl  ether  from 
2,4-dlnitrophenyl  primary -isobutyl  ether.  On  the  other  hand,  2,4-dlnltroanisole  could  not  be  prepared  from  2,4- 
-dlnitrophenetole,  etc.  Therefore,  we  could  arrange  the  alkoxy  groups  in  the  order  of  their  "replacing  power,"  just 
as  is  shown  below 

primary -iso -CgHijO  >  primary -iso -C4H9O  >  n-C4H^  >  o-CsHtO  > 

>  C2H5P  >  CH3O  >  HOCHjCHjO 

The  series  fully  agreed  witfi  the  data  on  the  acidity  of  alkoxyacetic  acids  [4]. 
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The  investigated  peralkylation  reaction  took  place  at  room  temperature  in  one  hour.  These  were  the  opti¬ 
mum  conditions.  If  the  solutions  were  left  standing  for  a  longer  or  shorter  period  of  time,  the  yield  and  the  quality 
of  products  were  lowered.  The  amount  of  alcoholic  alkali  used  was  very  important.  We  used  4  moles  of  alkali  per 
1  mole  of  ether.  If  less  alkali  were  used,  Incomplete  conversion  took  place  resulting  in  a  mixture  of  two  ethers. 

This  can  be  seen  in  the  case  where  2,4-dinitroanisole  was  converted  into  2,4-dinitrophenetole,  as  shown  in  Table 

1. 

Trans-  etherification  was  carried  out  under  completely  different  conditions  by  Ogata  and  Ocano  [5].  They 
have  shown  that  a  medioxy  group,  a  glycol  radical,  or  a  phenoxy  group  could  be  replaced  by  other  alkoxy  groups 
when  heated  under  pressure  or  refluxed  for  many  hours  with  appropriate  alcoholic  solutions  of  2,4-dinitroanisole  and 
0.25  moles  of  potassium  hydroxide.  Under  those  conditions,  they  succeeded  in  preparing  glycolic  ether  of  2,4- 
-dinitrophenol  from  2,4-dinitroanisole;  this,  as  we  have  pointed  out  above,  could  not  be  done  with  excess  alkali 
at  room  temperamre.  All  this  gave  us  reason  to  believe  that  the  peralkylation  followed  a  different  mechanism  under 
different  conditions. 


EXPERIMENTAL 

We  dissolved  0.01  moles  of  starting  alkyl  ether  in  20  ml  of  benzene.  To  this  solution  we  added  0.04  moles 
of  potassium  hydroxide  dissolved  in  20  ml  of  the  appropriate  alcohol  for  the  ether.  The  colored  solution  was 
shaken  for  five  minutes  and  left  standing  for  1  hour.  Subsequently,  we  added  50  ml  of  water  to  the  solution,  where¬ 
upon  tile  color  changed  to  straw-yellow.  The  benzene  solution  was  washed  three  times  with  water  to  remove  excess 

TABLE  2 


RO-<^  )>-NO, 

1 

NO, 

Yield 
(in  %) 

Melting  point 

R  in  tiie  start¬ 
ing  ether 

R  in  the  final 

ether 

Our  data 

Literature  data 
[6] 

HOCHjCHj 

CHj 

96 

94-95“ 

95“ 

CH, 

87 

85-86 

86 

CjHs 

n-C3H7 

89 

29,5-30 

30.5-31 

n-CsHy 

n-C^Hy 

90 

B.p.  161.5- 

178-180 

162  (0.1  mm) 

(2  mm) 

n 

(CH3)2CHCH2 

89 

30 

30.3-31.5 

(CH3)2CHCH2 

primary -iso- 

90 

B.p.  168-170 

175-178 

-CgHu 

(0.2  mm) 

(1  mm) 

alkali  and  potassium  2,4-dinitrophenoxide  which  was  formed  in  a  side  reaction.  The  ethers  remained  in  the  residue 
after  benzene  was  distilled  off.  Solid  ethers  were  recrystallized  from  etiiyl  alcohol,  while  liquid  ones  distilled  in 
vacuo.  Experimental  results  are  shown  in  Table  2. 


SUMMARY 

1.  Peralkylation  of  2,4-dinitroi^enolic  ethers  can  be  carried  out  at  room  temperature  in  the  presence  of 
potassium  hydroxide. 

2.  We  have  arranged  the  alkoxides  in  order  to  their  substituting  power;  this  order  is  related  to  the  values 
of  tile  negative  inductive  effect. 
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ADDITION  OF  HYDROGEN  HALIDES  TO  ESTERS  OF 


a, 8 -UNSATURATED  ACIDS 
V.  N.  Mikhailov  and  V.  V.  Pigulevskii 


It  is  known  that  esters  of  acrylic  and  methacrylic  acids  can  add  halogen  halides  to  form  the  corresponding 
esters  of  8 -halopropionic  and  8 -halobutyric  acid  [1-3].  We  found  out  in  a  preceding  work  [3]  that  to  obtain 
these  esters  the  absorption  of  hydrogen  chloride  had  to  be  carried  out  with  cooling,  and  the  process  would  only  be 
completed  after  the  reaction  mixture  had  sat  at  room  temperature  (10-15  hours). 

Although  quite  a  large  number  of  esters  of  the  above-mentioned  acids  had  been  prepared  (synthesized  by 
various  methods  [3-6]),  their  properties  have  been  studied  very  little,  and  therefore,  their  possible  practical  appli¬ 
cations  are  to  a  large  degree  still  unknown  at  the  present.  Esters  of  8 -halopropionic  acid  can  be  used  in  the  syn¬ 
thesis  of  1-phenyl -3-pyrazolidone  [7],  which  is  beginning  to  be  widely  applied  in  photographic  processes  for  speed 
ing  the  developing  [8]. 

In  this  communication  we  have  described  the  synthesis  of  butyl  esters  by  6 -chloro(bromo,  iodo) -propionic 
and  butyric  acids  by  the  addition  of  respective  hydrogen  halides  to  butyl  esters  of  acrylic  and  methacrylic  acids. 
Properties  of  the  synthesized  esters  are  listed  in  Table  1.  Butyl  esters  of  6 -iodopropionic  and  6 -chloro(iodo)-iso- 
butyric  acids  have  been  prepared  for  the  first  time. 

All  the  synthesized  esters  of  the  above-mentioned  acids  are  colorless,  transparent,  mobile  liquids  with  a 
fairly  strong  odor.  In  the  absence  of  light  they  are  all  completely  stable  at  room  temperature  and  remain  color¬ 
less  on  prolonged  standing.  They  can  be  distilled  without  decomposition  at  reduced  pressure,  but  will  partially 
decompose  at  atmospheric  pressure  forming  corresponding  esters  of  acrylic  and  methacrylic  acids;  these  in  turn, 
will  spontaneously  undergo  polymerization  in  the  absence  of  inhibitors.  The  esters  are  highly  soluble  in  ethyl 
alcohol,  plain  diethyl  ether,  and  acetone. 

The  described  synthetic  method  may  be  used  to  obtain  other  esters  of  8 -halopropionic  ?nd  8 -haloisobutyric 
acids,  due  to  its  simplicity  and  good  yields. 


EXPERIMENTAL 

Synthesis  of  butyl  ester  of  8 -chloropropionic  acid.  This  ester  was  obtained  by  a  method  we  had  previously 
worked  out  for  the  methyl  ester  of  6 -chloropropionic  acid  [3].  Cooled  butyl  acrylate  (0*)  was  placed  in  a  glass 
test  tube  and  anhydrous  hydrogen  chloride  was  passed  through  it  until  complete  saturation  (1:1  molar  ratio)  was 
achieved;  this  was  measured  by  increase  in  weight.  The  time  needed  to  saturate  the  compound  was  1-1.5  hours. 

The  reaction  mixture  was  kept  in  a  covered  test  tube  at  room  temperature  for  10-15  hours,  then  fractionally  distilled 
at  reduced  pressure.  After  a  two-fold  fractionation  we  collected  the  89-91*  (at  5  mm)  fraction;  its  constants  agreed 
with  those  listed  in  the  literature  for  butyl  ester  of  8 -chloropropionic  acid  [1,  3,  4].  The  yield  of  the  ester  was 

88- 90%  (Table  2). 

Synthesis  of  butyl  ester  of  8  -chloroisobutyric  acid.  The  experiment  was  performed  similarly  to  the  previous 
one.  Duration  of  saturation  was  1.5-2  hours.  After  a  two-fold  fractionation  at  reduced  pressure,  we  collected  the 

89- 92*  (at  10  mm)  fraction  which  corresponded  to  the  butyl  ester  of  8 -chloroisobutyric  acid.  Yield  of  the  ester 
was  78-80%  (Table  3). 

Synthesis  of  butyl  esters  of  8  -bromopropionic  and  8  -bromoisobutyric  acids.  Butyl  esters  of  acrylic  and 
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The  Properties  of  Butyl  Esters  of  S -Halopropionic  and  fl -Haloisobutyric  Acids 


TABLE  2 


Saturation  of  Butyl  Acrylate  Witfi  Hydrogen  Chloride 
(Molar  Ratio  of  HCl  to  Butyl  Acrylate  1  :  1) 


Amount 

CHj=  CHCOOC4H9 
(in  g) 

Duration  of 

saturation 
(in  hours) 

Yield  of  butyl 
ester  of  8  -chloro- 
propionic  acid 
(in  °h) 

50 

1.5 

90.0 

45 

1.5 

88.0 

40 

1.0 

87.5 

30 

1.0 

89.5 

45 

1.5 

88.0 

43 

1.3 

90.0 

44 

1.4 

89.0 

45 

1.5 

88.3 

TABLE  3 


Saturation  of  Butyl  Methacrylate  with  Hydrogen  Chloride 
(Molar  Ratio  of  HCl  to  Butyl  Methacrylate  1  ;  1) 


Amount  of  | 

CH,=  C(CH3)C00C4H9 

(in  g) 

Duration  of 

saturation 
(in  hours) 

Yield  of  butyl 
ester  of  8 -chloro- 
isobutyric  acid 
(in  *70) 

40.0 

1.5 

78.0 

41.0 

2.0 

80.0 

40.0 

2.0 

76.0 

40.0 

1.5 

77.6 

methacrylic  acids  were  saturated  with  anhydrous  hydro¬ 
gen  bromide;  the  esters  were  cooled  (0*)  and  stirred 
mechanically  during  saturation.  Hydrogen  bromide  was 
freed  from  traces  of  bromine  (by  absorption  in  a  carbon 
tetrachloride  solution  of  phenol)  and  dried  over  phos¬ 
phorus  pentoxide.  It  was  introduced  into  the  reaction 
bulb  on  the  surface  of  the  ester  without  being  bubbled 
through  the  liquid  layer.  After  achieving  complete  sa¬ 
turation  (1:1  molar  ratio)  we  kept  the  solution  in  a 
covered  flask  for  10-15  hours  then  fractionated  at  re¬ 
duced  pressure.  Subsequently,  the  reaction  mixture  was 
washed  with  sodium  sulfate  and  sodium  carbonate  solu¬ 
tions,  then  with  water.  Having  dried  the  reaction  mixture 
over  anhydrous  sodium  sulfate,  we  fractionated  it  and 
collected  the  93-94*  (at  13  mm)  fraction  which  contained 
butyl  ester  of  fi -bromopropionic  acid;  analysis  corres¬ 
ponded  to  the  indicated  ester  [9]  (Table  1).  The  yield 
of  this  ester  (based  on  the  original  ester)  was  75-78*70. 

We  separated  the  94-95*  (at  13  mm)  fraction  [2]  in  the 
fractional  distillation  of  the  product  obtained  from  the 
saturation  of  butyl  ester  of  methacrylic  acid.  The  yield 
of  butyl  ester  of  8 -bromoisobutyric  acid  was  68-727o. 
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Synthesis  of  butyl  ester  of  6 -iodopropionlc  and  fl -iodoisobutyric  adds.  The  method  of  preparing  these  is 
similar  to  the  one  described  above.  The  absorption  of  anhydrous  hydrogen  iodide  was  carried  out  in  a  round - 
bottomed  flask.  Between  the  generator  of  hydrogen  iodide  and  the  reaction  flask  we  interposed  two  U-tubes  filled 
with  red  phosphorus  and  glass  wool  to  trap  any  iodine  vapor.  The  reaction  product  was  kept  in  a  covered  flask  for 
10  hours  at  room  temperature,  and  washed  after  that  with  solutions  of  sodium  sulfite,  sodium  carbonate,  and  water. 
The  reaction  product  was  dried  over  anhydrous  sodium  sulfate  and  fractionally  distilled;  the  105*  (at  9  mm)  frac¬ 
tion  was  separated  and  corresponded  (on  the  basis  of  composition)  to  butyl  ester  of  B  -iodopropionlc  acid  (Table  1), 
From  a  distillation  of  wet  butyl  ester  of  B -iodoisobutyric  acid  we  obtained  a  55 yield  of  a  111-112*  (at  4  mm) 
fraction  which  analyzed  to  the  above-mentioned  ester  (Table  1). 

SUMMARY 

1.  We  have  synthesized  and  characterized  butyl  esters  of  B-chloro(bromo.  lodo) -propionic  and  isobutyric 

acids. 

2.  The  reaction  in  which  anhydrous  hydrogen  chloride,  bromide,  and  iodide  add  to  butyl  esters  by  acrylic 
and  methacrylic  acids  was  investigated. 
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PREPARATION  OF  w  -  H  Y  DRO  X  Y  P  EN  T  A  D  EC  A  N  OI C  ACID  BY  THE  METHOD  OF 


ELECTROLYTIC  CROS  S -CON  D  EN  S  A  T  ION  .  II 


G.  E.  Svadkovskala,  E,  K.  S  mol '  ia  ninova ,  and  V.  N.  Belov 


In  a  preceding  communication  [1]  we  described  the  conditions  for  carrying  out  electrolytic  condensation 
of  tu-acetylhydroxyundecanoic  acid  with  monoethyl  adipate;  these  conditions  enabled  us  to  synthesize  tu-hydroxy- 
pentadecanoic  acid  in  a  25-27%  yield  (computed  on  the  basis  of  original  tu-acetylhydroxyundecanoic  acid).  Having 
at  our  disposal  a  considerably  quantity  of  electrolysis  products,  we  were  able  to  conduct  a  detailed  investigation 
of  other  compounds  formed  in  this  reaction. 

As  is  well  known,  Kolbe  synthesis  is  accompanied  by  a  series  of  side  reactions,  the  nature  and  quantity  of 
which  depend  on  the  experimental  conditions  (current  density,  anode  material,  electrolyte  concentration,  tempera¬ 
ture,  pH  of  the  medium,  etc.)  as  well  as  on  the  structure  of  carboxylic  acids  undergoing  electrolysis  [2,  3].  In 
separate  cases  where  Kolbe  reaction  was  carried  out,  the  following  have  been  found  to  form:  alcohols  [4,  5], 
esters  [6-8],  carbonyl  compounds  [9-12],  paraffin  hydrocarbons  [13,  14],  and  olefins  [15,  16]. 

The  subject  of  cur  investigation  was  a  mixture  of  products  obtained  in  a  large  scale  electrocondensation  of 
u>-acetylhydroxyundecanoic  acid  and  monoethyl  adipate  under  the  following  conditions:  current  density  of  the 
anode  25-30  amp/cm*,  molar  ratio  of  w-acetylhydroxyundecanoic  acid  to  monoethyl  adipate  —  1:3,  electrolyte 
dilution  —  8.3  moles  of  H2O  to  1  mole  of  reagent  mixture,  degree  of  neutralization  —  0.875  moles  of  KOH  per  1 
mole  of  initial  carboxylic  acids;  reaction  was  carried  out  at  50-65*. 

As  a  result  of  our  research,  the  following  substances  have  been  recovered  from  the  investigated  mixture: 
diethyl  sebacate  (II)  (about  18%*),  eicosanediol  diacetate  (III)  **  (about  10  %),  ethyl  valerate  (IV)  (about  2%), 
ethyl  pentenoate  (V)  (approximately  the  same  quantity,  2%),  decyl  acetate  (VI)  3-4%,  decenyl  acetate  (VII) 

(3-4%),  decanediol  acetate (VIII) (about  0.5%),  diethyl  adipate  (IX)  (about  3%),  monoethyl  adipate  (X)  (the  same 
quantity,  3%),  free  adipic  acid  (XI)  (about  7%),  and  original  w  -acetylhydroxyundecanoic  acid  (XII)  (less  then 
1%);  the  main  reaction  product  —  ethyl  w-acetylhydroxypentadecylate  (I),  made  up  16%  of  all  the  electrolysis 
reaction  products. 

Formation  of  these  compounds  In  the  investigated  reaction  could  be  explained  on  the  basis  of  existing  ideas 
about  the  course  of  similar  electrolytic  processes  [2].  The  formation  of  compounds  (I)  —  (VIII),  for  example, 
could  be  represented  in  the  following  manner: 


•This  and  the  succeeding  numbers  give  yield  as%  of  the  over-all  quantity  of  products  isolated  after  electrolysis. 
••The  conditions  under  which  the  reaction  mixture  was  treated  (preliminary  saponification)  enabled  us  to  isolate 
this  diol  as  well  as  decanediol  in  a  free  state.  However,  analytical  data  (OH  group  determination)  makes  us  believe 
that  these  diols  exist  as  di-  and  monoacetates. respectively, in  the  reaction  mixture. 
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Reaction  Scheme  of  the  Electrolytic  Condensation  of  w-Acetylhydroxyundecanoic  Acid 
With  Monoethyl  Adipate 


CH3C00(CHj),jC00'  +  CtHjOOCiCHjl^r.no' 

j-2. 


CHjCOOlCHjl^jCOO-  +  CiH500C{CH8)4COO- 


T 


CHjCOOiCHjl^oCOO  CHjCOO(CHj),oCOO 

ChjCOOlCHjhoCOO  CjHjOOCfCHtlMCOO 

Vft  \-2C0, 


j| -iCOt 


CiHsOOClCHjl^CCO 
CzHsOOCiCHjl^CCO^ 

-zcoj  y 


Dim  eri  za  tioir .  ^ 
CHjCOOiCHjlijOOCCHj  -i - 

(III) 

(VI)  CHjCOOlCHjlgCH 
(Vn)CH]C00(CHj)gCH 


-  CH,COO(CHj),o-  +  CiHjOOWHi); 
''  y 


-•-lDil^2?P,H,00C(CH.J.CCDM^ 


CH,C00(CHt),^  COOC2H5 

(I) 

+  H0 


CHiC00(CH2)io0H 

(VIII) 


(n) 

CjHsOOClCH^ljCHj 

C2H500C(CHjj)jCH=CHi,(W 


Diethyl  adipate  (IX)  and  free  adipic  acid  (XI)  could  have  been  formed  by  trans- esterification  of  the  original 
monoethyl  esters. 


EXPERIMENTAL 

The  reaction  mixture  obtained  in  the  electrolysis*  separated  into  two  immiscible  layers;  the  upper  oily 
layer  contained  neutral  electrocondensation  products,  while  the  lower  aqueous  alkaline  solution  consisted  of  acidic 
substances  in  the  form  of  salts.  The  ratio  of  the  neutral  substances  to  the  alkaline  solution  was  approximately 
1  :  2.2  by  weight. 

I.  Investigation  of  neutral  substances.  In  all  we  have  separated  and  subjected  to  investigation  about  6  kg  of 
a  mixture  consisting  of  neutral  products.  Preliminary  separation  was  achieved  through  steam -distillation  of  highly 
volatile  components  and  rough  fractional  vacuum -distillation  of  substances  nonvolatile  with  steam.  In  one  such 
separation,  out  of  an  800  g  sample  (previously  washed  thoroughly  with  water  till  washings  showed  a  neutral  re¬ 
action)  we  steam -distilled  94.5  g  (i.e.  about  12%)  of  highly  volatile  substances.  From  the  fractional  distillation 
of  the  remainder  we  collected  the  following  fractions:  1st,  96-155*  (at  7  mm),  108.8  g  (13.6%  of  all  neutral  pro¬ 
ducts);  2nd,  155-180*  (at  7  mm).  195  g  (24.4%);  3rd,  180-230*  (at  7  mm).  180.8  g  (22.6%);  plus  139  g  (17.4%) 
of  residue. 

Later  on  in  our  investigation,  we  combined  all  the  corresponding  fractions  obtained  from  different  portions 
of  the  neutral  mixture. 

a)  Substances  volatile  with  steam.  As  a  result  of  repeated  fractionations  at  atmospheric  pressure,  700  g  of 
substances  volatile  with  steam  were  separated  into  two  main  fractions:  1st,  142-155*  (s.v.  *•  407.2,  br.n.  68.9), 

280  g  (40%  by  weight  of  substances  fractionated);  2nd,  230-250*  (s.v.  305.7,  MR.n.  3.2,  br.n.  35.4),  259  g  (~  37%). 

The  142-155*  fraction  was  saponified  with  alcoholic  potassium  hydroxide;  270  g  of  it  was  heated  over  a  water 
bath  with  1550  ml  of  12%  alcoholic  potassium  hydroxide  for  1  hour,  and  30  minutes  more  after  adding  to  it  300  ml 
of  benzene.  After  the  proper  treatment  we  isolated  an  insignificant  quantity  (2.8  g)  of  neutral  substances  (b.p. 
105-170t  br.n.  62.2%  OH  11.7  •••  )  and  172  g  of  acidic  substances,  which  when  fractionated  gave  in  turn  three  new 
fractions. 

1st.  180-185*  (RM.n.  551.3,  br.n.  82.7),  61  g;  2nd,  185-189*  (RM.n.  551.4,  br.n.  84).  78  g;  3rd.  189-195* 
(RM.n.  541.9,  br.n.  85.6),  18.2  g. 


•  The  conditions  for  electrocondensation  were  given  in  the  introductory  section. 

••  Here  and  further  on,  s.v.  =  saponification  value,  RM.n.  =  Reichert-Meissel  number,  br.n.  =  bromine  number. 
•••In  all  the  cases  the  OH  contents  of  neutral  products  was  determined  by  acetylation  at  room  temperature. 
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According  to  literature  data,  valeric  acid  has  a  b.p.  185.35*  [17],  pentene-4-oic  acid, a  b.p.  188-189*  [18]. 
Calculated  RM.n.  549  for  C4H9COOHand  for  C4H7COOH  RM.n.  560,  br.n.  160. 

These  data  indicate  that  each  of  the  obtained  fractions  is  a  mixture  of  valeric  and  pentenolc  acids  In  approxi¬ 
mately  equal  amounts.  In  view  of  the  fact  that  it  was  not  practically  feasible  to  separate  these  acids  by  fractiona¬ 
tion,  we  hydrogenated  the  fractions  catalytically  (Raney  Ni  as  catalyst,  100  atm.  pressure,  50*  temperature).  All 
three  fractions  gave  valeric  acid  on  hydrogenation. 

B.  p.  185-187*,  RM.n.  545.5,  d*°4  0.9387,  n*®D  1.4118,  MRp  27.05;  calc.  26.83;  anilide,  m.p.  62-62.5*. 
According  to  literature  data  for  pentanoic  acid  [17],  d*®4  0.9387;  anilide,  m.p.  63*. 

Found  N  7.67,  7.94;  C^HisON.  Calculated  <7o;  N  7.91. 

The  230-250*  fraction  was  saponified  similarly;  250gofthe  fraction  gave  132  g  of  neutral  substances  and 
42  g  of  acids.  A  crystalline  component  of  the  latter  ones  was  isolated  (18.5).  The  crystalline  acid  was  recrystallized 
from  hot  water  and  had  m.p.  149-150*,  RM.n.  762.  Adipic  acid  is  listed  with  m.p.  149-150*  [19],  calculated  RM.n. 
767.  A  sample  mixed  with  known  adipic  acid  gave  no  melting  point  depression.  The  liquid  part  of  the  acids 
(about  23  g)  distilling  over  at  74-140*  (at  4  mm),  RM.n.  326.6,  br.n.  52.6,  was  evidently  a  mixture  of  saturated 
and  unsaturated  monobasic  acids. 

Almost  all  the  neutral  substances  (132  g)  distilled  over  in  the  224-230*  range  and  turned  out  to  be  a  mixture 
of  decyl  and  decylene  alcohols  in  approximately  equal  amounts. 

Found  %;  OH  10.48.  Br.n.  54.6.  CioH^iOH.  Calculated  %;  OH  10.76.  C10H19OH.  Calculated  %;  OH  10.89. 
Br.n.  102.5. 

We  obtained  93  g  of  decyl  alcohol  by  hydrogenating  100  g  of  this  mixture  (Raney  Ni,  100  atm.,  50*). 

B.  p.  227-230*,  d*®4  0.82965,  n*®D  1.4373,  MRp  49.93;  calc.  49.9.  Literature  data  [20];  b.p.  228-232*, 
d*®4  0.8297,  n^D  1.43719. 

3,5-Dinitrobenzoate  of  this  alcohol  had  a  m.p.  56-57*.  A  sample  of  it  mixed  with  a  derivative  of  known 
decyl  alcohol  had  the  same  melting  point.  Literature  data  gives  [21]  m.p.  57*. 

Found  N  8.17,  8.21.  Ci7H2406Nj.  Calculated  N  7.95. 

b)  The  96-155*  (at  7  mm)  fraction.  From  200  g  of  this  fraction  (RM.n.  5.2,  s.v.  396.5,  br.n.  23.4,  ^oOH 
0.3)  we  separated  (after  a  two-fold  fractional  vacuum-distillation)  a  112.5  g  mixture  of  products  distilling  over 

at  105-122*  (at  7  mm).  It  was  investigated  in  the  way  previously  described  for  substances  volatile  with  steam  and 
was  shown  to  contain  an  adipate  plus  a  mixture  of  decyl  and  decenyl  acetates.  Their  saponification  products, 
adipic  acid  (26  g)  and  a  mixture  of  the  above-mentioned  alcohols  (41  g),  were  identified  in  a  way  previously  de¬ 
scribed. 

c)  The  155-180*  (at  7  mm)  fraction.  We  fractionally  distilled  190  g  of  this  fraction  (RM.n.  2.0,  s.v.  377.3, 
br.n.  0.18,  ^OH  0.2)  and  collected  160  g  of  a  product  in  the  range  132-180*  (at  7  mm)  which,  after  saponification 
and  appropriate  treatment,  gave  15.8  g  of  neutral  substances  and  87  g  of  sebacic  acid,  m.p.  134-134.5*,  RM.n. 

549.8  (calculated  RM.n.  554  for  sebacic  acid,  listed  m.p.  134.5*  [22]).  A  mixed  sample  with  known  sebacic  acid 
melted  at  the  same  temperature. 

Fractional  crystallization  of  the  neutral  products  gave  2.9  g  of  1,10-decanediol,  m.p.  71-72*  (from  benzene). 

Listed  m.p.  70.8-71.8*  for  this  decanediol  [23]. 

Found  %  C  68.79,  69.02;  H  12.96;  12.68;  OH  19.4.  CjoHjiDj.  Calculated  C  68.91;  H  12.72; 

OH  19.5. 

d)  The  180-230*  (at  7  mm)  fraction.  We  saponified  and  processed  [1]  180  g  of  this  fraction  (RM.n.  324.8, 
br.n.  2.6,  ‘J'oOH  0.34)  collecting  115.8  g  of  w-hydroxypentadecanoic  acid.  Recrystallization  from  benzene  gave 
91  g  of  this  acid,  m.p.  85-85.5*  (according  to  literature  data  [24];  m.p.  84.8-85.2*). 

Found  fo;  C  69.96,  70.07;  H  11.79,  11.86;  OH  6.61.  RM.n.  217.7.  CigHsoOj.  Calculated  C  69.72; 

H  11.70;  OH  6.59.  RM.n.  217. 
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Besides  this,  we  Isolated  21.6  g  of  1,20-eicosanediol.  This  one  had  a  m.p.  102-103*  after  recrystallization 
from  benzene  (according  to  literamre  data  [25]:  m.p.  103“). 

Found  C  76.28,  76.80;  H  13.66,  13.58;  OH  10.3.  C20H42O2.  Calculated  C  76.36;  H  13.46; 

OH  10.8. 

e)  Residue  from  fractional  distillation.  Vacuum  distillation  of  neutral  electrolysis  products  left  132  g  of 
residue;  after  saponification  with  alkaline  KOH  and  appropriate  treatment,  we  isolated  48  g  of  1,20-eicosanediol, 
m.p.  102-103*  (it  gave  no  melting  point  depression  when  mixed  with  the  diol  obtained  from  the  180-230*  (at  7  mm) 
fraction),  72  g  of  acidic  substances  containing  tu-hydroxypentadecanoic  acid.  By  esterifying  the  acid  mixture  with 
ethyl  alcohol  we  obtained  a  56  g  mixture  of  esters  which  was  fractionally  distilled  in  vacuum  (at  0.01-0.04  mm) 
to  give  7.8  g  of  ethyl  w-hydroxypentadecylate,  m.p.  48.5-49*  (from  methanol,  then  from  petroleum  ether). 

Found  %:  C  71.70,  71.60,  H  11.82,  11.82,  OH  6.1. s.v.  197.9.  C17H34O3.  Calculated  %:  C  71.28;  H  11.96; 

OH  5.9.  s.v.  195.8. 

II.  Investigation  of  acidic  substances  isolated  from  aqueous  alkaline  solution.  The  data  below  refer  to  the 
products  isolated  from  3  kg  of  aqueous  alkaline  solution.  Admixtures  of  neutral  substances  were  extracted  with 
benzene,  while  acidic  ones  were  salted  out  of  solution  by  acidification  with  hydrochloric  acid  (to  a  congo  red 
end-point).  The  precipitate  of  adipic  acid  was  separated  by  filtration  (76  g,*  m.p.  149-150*,  RM.n.  759.8;  did 
not  give  melting  point  depression  when  mixed  with  known  adipic  acid),  whereas  the  mixture  of  liquid  acids  was 
separated  and  dissolved  in  ether.  After  evaporation  of  the  solvent  (the  solution  underwent  preliminary  washing  with 
water  until  washings  gave  a  neutral  test)  we  obtained  a  111.3  g  mixture  of  acids;  when  fractionated  in  vacuum, 
these  gave  two  main  fractions:  131-134*  (at  3  mm),  42.2  g,  and  180-220*  (at  3  mm),  39.2  g. 

The  131-134*  (at  3  mm)  fraction,  RM.n.  320.0,  s.v.  321.9  turned  out  to  be  monoethyl  adipate,  for  which  the 
calculated  RM.n.  and  s.v.  were  322.0.  When  40  g  of  this  ester  was  saponified  it  gave  28.6  g  of  adipic  acid,  m.p. 
149.5-150*,  RM.n.  759.8;  a  mixed  sample  with  known  adipic  acid  gave  no  melting  point  depression. 

Processing  of  the  180-220*  (at  3  mm)  fraction  with  a  small  quantity  of  ether  yielded  13.8  g  of  adipic  acid 
(m.p.  149-150*,  RM.n.  758.3;  mixed  sample  with  known  acid  gave  no  melting  point  depression).  Another  2.7  g 
of  adipic  acid  were  isolated  from  the  ether  solution  by  fractional  crystallization  after  evaporating  the  solvent. 

The  remaining  liquid  acids  (22  g)  were  distilled  in  vacuum,  and  the  main  fraction  was  185-190*  (at  3  mm),  RM.n. 
275.8,  s.v.  218.3,  weight  11.3  g.  After  being  washed  with  hot  water  (to  free  it  from  any  admixture  of  adipic  acid) 
this  fraction  had  a  RM.n.  229.3  and  s.v.  243.7.  (For  tu-acetylhydroxyundecanoic  acid  these  are  given  [24],  b.p. 

185*  at  2  mm,  calculated  RM.n.  and  s.v.  230).  When  this  acid  —  ester  was  saponified,  it  yielded  6.4  g  of  w-hydroxy- 
undecanoic  acid,  m.p.  68.5-69.5*  (according  to  literature  data  [24]:  m.p.  70-70.5*);  a  mixed  sample  with  known 
tu-hydroxyimdecanoic  acid  did  not  give  a  melting  point  depression. 

Found  OH  8.1,  RM.n.  281.  CjiHjjO,.  Calculated  °]<n  OH  8.4.  RM.n.  277. 

SUMMARY 

1.  We  have  thoroughly  studied  the  mixture  of  products  obtained  from  an  electrolytic  cross -condensation  be  - 
tween  w-acetylhydroxyundecanoic  acid  and  monoethyl  adipate  in  a  Kolbe  reaction.  It  was  established  that  the 
above-mentioned  mixture  contained  ethyl  w-acetylhydroxypentadecylate  (~  16*70),  diethyl  sebacate  (~  18%),  eico- 
sanediol  diacetate  (~  10%),  ethyl  valerate  (~  2%),  ethyl  pentenoate  (~  2%),  decyl  acetate  (3-4%),  decenyl  acetate 
(3-4%),  decanediol  acetate  (less  than  1%),  diethyl  adipate  (~  3%),  adipic  acid  (~  7%),  monoethyl  adipate  (~  3%), 
and  (U-acetylhydroxyundecanoic  acid  (less  than  1%). 

2,  We  have  shown  that  the  formation  of  the  compounds  isolated  could  be  explained  on  the  basis  of  commonly 
accepted  ideas  about  the  mechanism  of  Kolbe  reaction. 
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A  SIMPLIFIED  SYNTHESIS  OF  8  -  MERC  A  P  TOQU INOLIN  E  (THIOOXINE)  AND 
PREPARATION  OF  ITS  POTASSIUM  AND  SODIUM  SALTS 


lu.  A.  Bankovskii,  A.  F.  Ievin'sh»  and  E.  A.  Luksha 

8-Mercaptoquinollne  (thiooxlne)  was  synthesized  for  the  first  time  by  A.  Edinger  [1],  As  our  studies  have 
shown,  it  turned  out  to  be  a  very  valuable  reagent  in  qualitative  and  quantitative  determinations  of  small  amounts 
of  palladium,  copper,  molybdenum,  rhenium,  manganese,  and  other  elements. 

One  of  us  had  previously  [2]  redefined  more  accurately  the  conditions  for  carrying  out  the  separate  stages 
of  thiooxlne  synthesis  proposed  by  Edinger.  The  preparation  of  benzoyl  derivative  of  thiooxlne  was  the  most  ca¬ 
pricious  step  in  this  synthesis.  Even  in  a  large  experiment  this  step  would  occasionally  proceed  in  an  unsatisfactory 
manner. 

We  discovered  that  the  step  in  which  benzoyl  derivative  of  thiooxlne  was  prepared  could  be  eliminated.  To 
do  this,  we  oxidized  the  sodium  salt  of  thiooxlne  (formed  when  alkali  reacted  with  chlorostannate  salt  of  (1))  with 
hydrogen  peroxide  to  a  disulfide  (II)  which  formed  an  insoluble  precipitate  in  alkaline  solutions.  The  disulfide 
could  easily  be  purified  and  reduced  to  thiooxlne  (III).  We  have  tried  a  series  of  reducing  agents  used  to  reduce 
disulfides  to  mercaptans;  sodium  and  potassium  sulfides  [3,  4],  glucose  [5,  6]  sodium  sulfite,  potassium  meta- 
bisulfite,  and  others.  Meanwhile  we  found  out  that  the  most  active  and  convenient  reducing  agent  for  our  case 
was  hypophosphorous  acid  (we  used  potassium  hypophosphite  in  hydrochloric  acid).  The  reduction  of  thiooxlne 
disulfide  into  thiooxlne  proceeded  quantitatively  without  any  side  reactions. 


(I)  (11)  (111) 


A  method  of  reducing  inorganic  sulfates  to  hydrogen  sulfide  has  been  described  in  the  literature  [7]  (a  quanti¬ 
tative  method  for  the  determination  of  sulfates  with  hypophos|^orous  acid  in  the  presence  of  hydrlodic  acid). 
Attempts  to  reduce  quinoline-8-sulfonic  acid  (first  of  the  products  in  Edinger,*8  thiooxlne  synthesis)  directly  to  8- 
mercaptoquinoline  (thiooxlne),  using  this  method,  did  not  give  positive  results:  no  traces  of  8-mercaptoquinoline 
were  detected.  But  for  thiooxlne  disulfide, hypophosjdiorous  acid  alone  (even  in  the  absence  of  hydrlodic  acid)  was 
an  excellent  reducing  agent. 

Thiooxlne  was  formed  during  neutralization  of  hydrochloric  acid  and  precipitated  in  the  form  of  bright-red 
<39HjNSH*2HjO  crystals.  It  wasvery  difficult  to  obtain  this  crystal  dihydrate  of  thiooxlne  in  a  dry  form  by  simply  drying 
the  precipitate  in  air  (it  gradually  oxidized).  When  dried  over  even  very  weak  drying  agents,  it  lost  all  the  water  of 
crystallization  and  changed  into  anhydrous  thiooxlne,  a  thick  blue  or  blue-violet  liquid.  .Water  of  crystallization 
was  also  easily  lost  in  vacuum  (without  drying  agents).  Therefore,  the  best  way  to  obtain  the  crystal  dihydrate  of 
diiooxine  was  to  dry  it  for  10-12  hours  in  a  vacuum -dessicator  at  room  temperature  till  it  changed  into  anhydrous 
liquid,  and  then  to  keep  it  in  a  well-evacuated  desiccator  the  bottom  of  which  was  filled  with  water.  Under  these 
conditions,  in  about  2-3  hours,  anhydrous  thiooxlne  was  converted  into  beautiful  dark-red  hydrate  crystals.  The 
compound  was  not  very  stable  in  tfiis  state.  It  gradually  oxidized  to  disulfide  (50%  of  the  crystal  hydrate  compound 
was  oxidized  when  kept  in  a  covered  vessel  for  a  year).  Thiooxlne  salts  were  considerably  more  stable.  The  hydro- 
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chloride  (previously  described  by  us)  could  be  stored  for  many  years  in  covered  vessels,  but  it  was  very  easily  hy¬ 
drolyzed  by  water  vapor  forming  thiooxine  crystal  hydrate  which  then  gradually  oxidized  in  air. 

In  view  of  the  fact  that  thiooxine  is  a  much  stronger  acid  than  oxine,  it  forms  much  less  hydrolyzable  salts 
with  alkali  metals.  Consequently,  potassium  and  sodium  salts  of  thiooxine  are  more  difficult  to  oxidize  than  hy¬ 
drochloride  and  permit  a  prolonged  storage  of  the  compound. 

Reduction  of  disulfide  to  thiooxine  and  preparation  of  its  sodium  and  potassium  salts  is  described  below. 

EXPERIMENTAL 

Preparation  of  quinoline-8-sulfonic  acid.  As  our  experiments  have  shown  (confirmed  also  by  literature  data 
[8]),  quinoline  was  sulfonated  best  with  very  strong  fuming  sulfuric  acid  containing  50-55%  of  free  SO3.  More¬ 
over,  it  turned  out  to  be  more  convenient  to  first  convert  the  quinoline  into  its  sulfate  (using  a  calculated  amount 
of  concentrated  sulfuric  acid)  which  was  then  gradually  added  in  small  portions  to  a  4-fold  excess  of  60-65%  fum¬ 
ing  sulfuric  acid.  At  the  same  time,  the  concentration  of  fuming  sulfuric  acid  decreased  to  50%.  The  mixture 
was  kept  at  160*  for  3  hours.  When  undistilled  (common  reagent  grade)  quinoline  was  used,  the  yield  of  quinoline- 
-8-sulfonic  acid  was  62-65%.  When  carefully  fractionally  distilled  quinoline  was  used,  the  yield  of  sulfonic  acid 
was  80%  [8]. 

Preparation  of  quinoline -8 -sulfonyl  chloride  and  its  reduction  to  a  chlorostannate  salt  (I)  was  previously  de¬ 
scribed  [2]. 

Preparation  of  thiooxine  disulfide  (II).  We  carefully  washed  100  g  of  wet  chlorostannate  salt  (I)  on  a  suction 
filter  and  added  to  it  a  solution  containing  50  g  of  NaOH  in  the  least  possible  amount  of  water;  addition  was 
carried  out  in  small  portions  with  stirring  until  a  homogeneous  paste  was  formed.  This  paste  was  diluted  with 
0.5  liter  of  water  and  filtered.  If  an  appreciable  amount  of  sodium  salt  remained  on  the  filter,  it  was  taken  off 
and  dissolved  in  a  small  quantity  of  hot  water  then  filtered  once  more.  The  filtrates  were  combined.  If  the  filter 
retained  a  considerable  quantity  of  undissolved  yellow  salt,  then  the  treatment  with  alkali  was  repeated  (as  de¬ 
scribed  above)  using  a  correspondingly  smaller  quantity  of  NaOH  solution.  We  cooled  the  turbid  dark-yellow 
filtrate  in  an  ice  bath  and  added  to.it  (until  discoloration)  40  ml  of  30%  hydrogen  peroxide  with  stirring.  This 
was  accompanied  by  precipitation  of  white,  amorphous -appearing  thiooxine  disulfide,  which  was  filtered  out 
with  suction,  washed  2-3  times  with  2%  NaOH  solution  and  few  times  with  water,  then  dried  at  120*.  We  ob¬ 
tained  18-18.5  g  of  disulfide. 

Reduction  of  thiooxine  disulfide.  We  dissolved  18  g  of  disulfide  in  360  ml  erf  concentrated  hydrochloric 
acid  and  added  24.3  g  of  potassium  hypophosphite.  After  half  an  hour  of  mild  refluxing  the  reaction  mixture  was 
cooled,  and  crystals  of  KCl  were  filtered  out.  The  filtrate  was  transferred  into  a  2-liter  beaker  and  carefully 
neutralized  (with  rapid  stirring)  with  saturated  sodium  carbonate  solution  (140  g  of  anhydrous  sodium  carbonate 
in  320  ml  of  twice -distilled  water)  to  a  pH  5.5-6.  Towards  the  end  point  we  frequently  checked  the  pH  of  the 
medium  (with  paper  universal  indicator),  since  at  a  pH  above  or  below  5.5-6  thiooxine  would  dissolve,  thus  de¬ 
creasing  the  yield  of  the  product.  The  bright-red  crystalline  precipitate  of  thiooxine  dihydrate  was  filtered  with 
suction,  washed  on  the  filter  with  three  50  ml  portions  of  twice- distilled  water,  and  pressed  out  (on  the  filter)  as 
thoroughly  as  possible.  We  obtained  25  g  of  wet  thiooxine  dihydrate. 

It  is  important  to  note,  that  all  the  reagents  used  in  the  reduction  of  disulfide  to  thiooxine  must  be  of  a  hi^ 
degree  of  purity  (AR  grade),  since  any  heavy  metals  present  in  the  reagents  will  be  completely  retained  In  thio¬ 
oxine.  The  presence  of  iron  and  traces  of  copper  are  particularly  Intolerable. 

Preparation  of  potassium  salt  of  thiooxine.  We  added  19  ml  of  50%  KOH  (AR  grade)  to  25  g  of  dry,  well 

.  2H2O 
SK 

pressed-out  thiooxine,  stirring  the  mixture  carefully.  The  mixture  turned  lemon-yellow.  It  was  heated  until 
everything  dissolved,  then  cooled.  We  added  1.5-2  ml  of  isoamyl  alcohol  and  mixed  till  a  homogeneous  con- 
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sistency  was  achieved.  We  filtered  it  with  suction  and  washed  tfie  yellow  potassium  salt  with  one  portion  of  iso¬ 
amyl  alcohol  (10  ml).  The  isoamyl  alcohol  was  thoroughly  sucked  away  and  the  salt  washed  3  times  with  ether 
(50  ml  portions).  To  purify  13  g  of  thoroughly  pressed-out  (on  the  filter)  wet  potassium  salt,  we  mixed  it  with  70 
ml  of  ethyl  alcohol  (redistilled)  and  heated  to  boll.  The  hot  solution  was  filtered  with  suction  through  a  double 
filter  and  cooled.  We  added  to  it  400  ml  of  ether  and  after  a  few  minutes  filtered  out  the  precipitated  crystals  of 
potassium  thiooxine  salt  which  were  washed  on  the  filter  paper  with  two  portions  of  ether  (30  ml  each).  We  obtained 
10-12  g  of  potassium  thiooxine  salt,  which  constituted  20-24*70  of  the  quinoline  used. 

Found  <7>;  H  4.21;  S  13.48;  N  5.84.  C9H5NSK  •  2HiO.  Calculated  ’In  H  4.24;  S  13.60;  N  5.95. 

Preparation  of  sodium  salt  of  thiooxine.  We  added  60  ml  of  16.5*70  NaOH  solution  to  25  g  of  thoroughly 
pressed  out  (on  a  suction  filter)  rtiiooxine  dihydrate,  carefully  stirred  the  mixture  till  a  lemon -yellow  homogeneous 
mass  was  formed;  we  filtered  it  wl*  suction 

/\/\ 

I  I  I • 3H2O 

I 

SNa 

pressed  out  (on  a  suction  filter)  thiooxine  dihydrate,  carefully  stirred  the  mixture  till  a  lemon-yellow  homogeneous 
mass  was  formed;  we  filtered  it  with  suction,  washed  with  10  ml  of  isoamyl  alcohol,  and  then  with  three  20  ml 
portions  of  ether.  We  obtained  21  g  of  sodium  salt.  To  purify  this  salt,  we  dissolved  it  in  290  ml  of  boiling  alcohol 
and  filtered.  After  the  filtrate  cooled  completely,  we  added  to  it  300  ml  of  ether  and  after  a  few  minutes  filtered 
out  the  yellow  crystals  which  were  then  washed  on  a  suction  filter  with  20  ml  of  ether.  We  obtained  13  g  of  pure 
sodium  salt  of  thiooxine. 

Found  *7);  H  4.85;  S  13.33;  N  5.75.  CjH^SNa  •  3H2O.  Calculated  ’In  H  5.07;  S  13.50;  N  5.91. 

Sodium  and  potassium  salts  gave  a  transparent  yellow  or  slightly  reddish  solution  when  dissolved  in  water;  after 
being  stored  in  air,  they  formed  a  light  suspension  of  disulfide.  Dry  compounds  were  stable  for  a  long  time  if  stored 
in  covered  containers.  Aqueous  solutions  of  potassium  and  sodium  salts  of  thiooxine  were  not  very  stable  and  would 
oxidize  to  disulfide  in  two  or  three  weeks.  For  analytical  purposes  a  5*7o  solution  of  thiooxine  salts  in  2.5 -G  N  hy¬ 
drochloric  acid  is  usually  used;  these  are  stable  for  a  few  weeks  (in  2.5  N  HCl)  or  months  (in  6  N  HCl), 

SUMMARY 

1.  The  course  of  thiooxine  synthesis  was  altered  after  the  reduction  of  quinoline -8 -sulfonyl  chloride  with 
stannic  chloride^  chlorostannate  salt  was  decomposed  with  alkali,  oxidized  with  hydrogen  peroxide  to  disulfide, 
which  was  then  reduced  with  potassium  hypophosphite  in  hydrochloric  acid  solution. 

2.  We  prepared  a  potassium  salt  of  thiooxine  stable  in  storage.  We  also  established  the  composition  of 
potassium  and  previously  obtained  sodium  salt  of  thiooxine. 
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CONVERSION  OF  A  ®  -  p  -  M  EN  T  H  EN  E  ON  GUMBRINE 


V.  V.  Tishchenko  and  V.  F.  Kazanskaia 


Research  in  the  field  of  cyclic  hydrocarbon  isomerization  on  natural  aluminum  silicate  caulysts  is  closely 
connected  with  the  problem  of  origin  and  transformations  of  petroleum.  Isomerization  of  aromatic  and  certain 
naphthene  (alicyclic)  hydrocarbons  has  been  comparatively  well- investigated,  while  in  that  respect  other  cyclic 
hydrocarbons  with  one  or  two  double  bonds  in  the  ring  have  hardly  been  studied  at  all.  This  paper  should  partially 
fill  in  this  gap. 

We  did  not  find  any  papers  in  the  literature  on  the  isomerization  of  menthene  on  natural  aluminum  silicate 
catalysts.  N.  D.  Zelinskii  and  G.  S,  Pavlov  [1]  have  studied  isomerization  of  menthene  and  obtained  menthane 
and  cymene  after  passing  menthene  vapors  over  platinized  asbestos  in  a  stream  of  carbon  dioxide.  In  this  respect 
cyclohexene  has  been  studied  much  more  fully  [2-5]  (methene  is  its  derivative).  Works  on  die  isomerization  of 
cyclohexene  on  aluminum  silicate  catalysts  were  done  in  the  range  of  320-450*,  but  according  to  the  theory  of 
isoastazy  the  maximum  possible  temperature  to  which  petroleum  could  have  been  subjected  in  its  formative  pro¬ 
cess  could  not  be  considered  higher  than  250*.  For  this  reason  (in  this  work)  our  experiments  on  isomerization 
of  A^-p-menthene  were  done  at  170-230". 


EXPERIMENTAL 

A^-p-Menthene  used  in  the  experiments  was  prepared  by  dehydration  of  menthol,  over  activated  alumina  at 
320",  in  a  high  pressure  autoclave;  the  method  was  worked  out  by  V.  N.  Ipatiev  [6]  for  the  dehydration  of  1-methyl- 
cyclohexanol-2.  The  menthol  used  melted  at  45*  and  boiled  in  the  197-210"  range.  The  synthesized  A®-p-menthene 
had  the  following  properties;  b.p.  166-169",  d*®4  0.8114,  n^^D  1.4515.  Its  nitrosochloride  melted  at  112*;  according 
to  Chugaev’s  data,  nitrosochloride  of  A^-p-menthene  had  a  m.p,  113*  [7]. 

As  a  catalyst  for  the  menthene  isomerization  we  used  gumbine  activated  with  hydrochloric  acid  and  with  a 
specific  surface  of  142.3  m^/g.  at  a  pH  2.32.  We  found  the  optimum  isomerization  conditions  by  running  a 
series  of  experiments  at  various  temperatures  with  different  amounts  of  catalyst,  and  lengths  of  heating  time.These 
turned  out  to  be  10  hours  heating  at  195*  with  lO^o  catalyst. 

The  menthene  in  these  experiments  was  sealed  off  in  thick-walled  glass  ampules  which  were  then  heated  in 
an  autoclave  to  avoid  any  loss  of  compound  in  case  of  cracking.  When  the  ampules  were  opened  after  heating, 
no  pressure  was  observed  inside.  Heating  of  menthene  was  accompanied  by  appreciable  polymerization  (the  yield 
of  polymers  could  attain  34-35%  of  inclosed  compound).  The  catalysis  product  from  a  few  experiments  had  the 
following  properties:  b.p.  90-170",  d*®4  0.8065  and  n^^D  1.4459.  It  was  subdivided  into  11  fractions  in  a  distilla¬ 
tion  column  with  20  theoretical  plates  (total  reflux  value  -20). 

The  fractions  boiling  in  the  ranges  150-158*  (1.22  g),  158-160*  (0.82  g),  and  160-161*  (0.55  g)  had  very 
similar  refractive  indices  (1.4382,  1.4383,  and  1.4386  respectively).  These  fractions  were  combined  and  treated 
with  98%  sulfuric  acid  to  remove  aromatic  hydrocarbons  (their  presence  was  determined  in  each  fraction  by  the 
formolytic  reaction**).  After  removal  of  tars,  washing  and  drying,  the  remaining  part  boiled  at  161-162",  and  had 
d*'’4  0.7881  and  n^^D  1.4329.  These  constants  agreed  well  with  those  of  1,2-dimethyl -3-isopropylcyclopentane. 

From  the  succeeding  five  fractions  boiling  in  the  162-171*  interval  we  separated  some  narrower  ones; 
165.5-166.5",  166. 5-167. 5*.  167.5-168.5",  and  168.5-169.2*.  In  these  fractions  we  have  also  established  the  pre¬ 
sence  of  aromatic  hydrocarbons  using  the  formolytic  reaction.  After  treatment  with  sulfuric  acid  (d  1.69),  to  re- 

•(Tr.  Note):  a  fuller's  earth  from  Kutais,  Georgia  (Transcaucasia). 

**(Tr.  Note):  a  test  with  AICI3  and  CHCi3. 


2313 


1 


move  terpenes,  we  determined  the  aromatic  hydrocarbon  contents  of  these  fractions  (11.76,  13.10,  14.14,  and 
17.47^  respectively)  by  the  aniline  method.  Treatment  with  sulfuric  acid  removed  aromatic  hydrocarbons,  and 
the  refractive  indices  of  individual  fractions  turned  out  to  bealmost  identical  (n*®D  1.4382  to  1.4392).  and  were  close 
to  that  of  p-menthane  (n*°D  1.4393).  The  densities  (d*®4  from  0.7952  to  0.7981)  were  also  close  to  that  of  p-men- 
thane. 

In  order  to  ascertain  whether  these  fractions  contained  cyclopentane  derivatives,  we  combined  and  subjected 
them  to  caulytic  dehydrogenation  over  Zellnskii's  nickel -aluminum  catalyst;  the  mixture  was  passed  at  the  rate 
of  8  drops  a  minute.  After  sixth  passage  over  the  catalyst,  the  refractive  index  of  the  original  mixture  increased 
from  1.4389  to  1.4640  and  did  not  change  any  further.  The  product  of  dehydrogenation  had  a  b.p.  166-172*,  n*®D 
1.4640,  d*®4  0.8281  and  aniline  point  ~  4*;  after  treatment  with  98<^fc  sulfuric  acid  it  boiled  at  162-163*,  and  had 
n**D  1.4335,  d*°4  0.7892,  and  aniline  point  +  58*.  These  constants  were  in  good  agreement  with  those  of  1,2-dl.- 
methyl-3-isopropylcyclopentane.  We  nied  unsuccessfully  to  Isolate  aromatic  hydrocarbons. 

A  quantitative  composition  tabulation  of  fractions  in  the  165.5-169.2*  range  showed  that  they  contained 
58. 1*70  cyclohexene,  21. O^o  cyclopentane,  21.7%  aromatic,  and  0.2%  terpene  hydrocarbons.  The  quantity  of  cyclo¬ 
pentanes  was  35-36%  the  amount  of  cyclohexanes;  the  same  ratio  of  these  hydrocarbons  was  observed  in  the  iso¬ 
merization  of  cyclohexane  on  gumbrine  [8]. 

The  polymers  (d*®4  0.9342)  were  distilled  in  vacuo.  The  bulk  of  the  material  distilled  in  the  290-310* 

(at  3  mm)  range. 

Found  %:  C  88.09;  H  11.82.  M  282. 

These  data  showed  that  the  polymers  were  basically  composed  of  terpinene  dimers. 

The  results  presented  above  permit  the  assumption  of  the  following  scheme  for  the  isomerization  of  A^-p- 
-menthene  on  gumbrine. 
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SUMMARY 

S  8 

The  conversion  of  A  -p-menthene  on  gumbrine  was  studied.  We  showed  that  isomerization  of  A  -p-menthene 
was  accompanied  by  redistribution  of  hydrogens  and  ring  contraction.  As  a  result  of  isomerization,  a  complex  mix¬ 
ture  of  hydrocarbons  was  formed  out  of  which  we  isolated  1, 2-dimethyl -3-l8opropylcyclopentane,  and  p-menthane. 
About  34-35%  of  A*-p-menthene  polymerized  during  isomerization.  The  polymers  were  terpinene  dimers. 
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A  STUDY  OF  GLUCOSIDES  OF  JUTE 


I.  OLITORISIDE 

N.  K.  Abubakirov,  V.  A.  Maslennikova  and  M.  B.  Gorovits 

Although  the  first  news  about  the  poisonous  principles  of  jute  date  to  the  end  of  the  past  century  [1],  the  most 
dependable  data  were  secured  only  much  later  by  Sen  [2].  He  established  the  presence  in  the  seeds  of  Corchorus 
capsularis  L.  of  a  glucoside,  corchorine  .which  contains  an  unsaturated  lactone  group  and  which  belongs  to  the  cardiac 
glucosides  of  the  digitalis  group.  By  hydrolysis  of  corchorine  with  sulfuric  acid,  Sen  obtained  a  molecule  of  glucose 
and  a  crystalline  aglucone.corchogenine.  Soliman  and  Saleh  [3],  found,  contrary  to  Sen,  that  corchorine  does  not 
suffer  any  changes  in  acid  hydrolysis  and  that  for  this  reason  it  is  an  aglucone  while  the  substance  which  had  been 
named  corchorine  is  nothing  else  but  strophantidine.  Ahmed  andco-workers[4,  5]  dispute  the  opinion  about  the 
identity  of  corchorine  and  strophantidine  and  cite  experimental  material  which  supports  Sen’s  work.  Some  other 
papers  [6-12]  have  been  also  devoted  to  the  study  of  jute  glucosides  from  C.  capsularis  as  well  as  of  C.  olitorius. 

In  the  last  of  tl'ese  papers  Frerejacque  and  Durgeat  [12]  describe  .specifically,  corchorazide  A  which  includes  stro¬ 
phantidine  as  the  aglucone  portion,  which  fact  agrees  to  some  degree  with  the  work  of  Soliman  and  Saleh. 

We  examined  the  seeds  of  the  long -fruited  jute  (Corchorus  olitorius  L.)  which  has  been  developed  widely  in 
in  recent  years  in  the  republics  of  Central  Asia  (variety  No.  420).  A  tincture  of  the  seeds  in  70%  alcohol  had  a 
rather  high  cardiotonic  acitivity,  which  was  equal  to  500  frog  units  of  activity  per  gram  of  the  seeds.  The  method 
of  isolation  of  the  glucosides  is  presented  in  the  experimental  part.  Special  attention  was  paid  to  insure  that  all 
operations,  including  even  the  distillation  of  the  solvents,  be  run  at  temperatures  not  above  40-45“.  The  action  of 
alkaline  or  acidic  reagents  was  also  excluded.  Specifically,  in  contrast  to  other  investigators  [2,  3,  5,  8,  9]  we 
refused  to  precipitate  the  excess  lead  Ions  with  hydrogen  sulfide.  The  latter  circumstance  is  not  unimportant  since 
according  to  our  observations  the  jute  glucosides  are  easily  hydrolyzed  under  conditions  of  even  a  weakly  acidic 
medium. 

The  substance  isolated  by  us  gave  all  the  tests  characteristic  of  cardiac  glucosides  of  the  group  of  digitalis- 
strophanthum.  The  elemental  analysis  of  the  product,  combined  with  the  molecular  weight  determined  by  alkali- 
metric  titration  method,  leads  to  the  formula  CJ5H52O14.  No  methoxy  groups  were  found.  The  ultraviolet  absorp¬ 
tion  spectmm  is  characterized  by  the  presence  of  two  maxima  at  218 -304  mq  (Fig.  1).  The  presence  of  a  large  num¬ 
ber  of  oxygen  atoms  permits  the  substance  to  be  placed  among  diglucosides.  In  its  physicochemical  properties 
the  substance  obtained  by  us  differs  noticeably  from  other  known  glucosides  and  for  this  reason  the  new  glucoside 
was  named  olitoriside.  Olitoriside  is  one  of  the  most  toxic  cardiac  glucosides;  in  1.0  g  of  the  biocide  there  are 
11,000  cat  or,  respectively,  64,000  frog  units  of  activity.* 

The  ease  with  which  the  hydrolytic  cleavage  of  the  glucoside  occurs  indicates  that  the  nearest  sugar  to  the 
genine  in  olitoriside  must  be  a  2-desoxy  sugar.  The  crystalline  genine,  formed  in  the  hydrolysis,  has  the  elemental 
composition  C23H32O0  •  H2O,  m.p.  178“  and  [a]*®D  +  40.3“  (c  2.6;  methanol).  The  ultraviolet  absorption  spec¬ 
trum  shows  two  characteristic  maxima  at  217  and  303  mfi  (see  Fig.  1).  All  these  data  agree  well  with  the  properties 
of  the  known  cardiac  aglucone,  strophanthidin.  The  mixed  melting  point  with  an  authentic  sample  of  strophanthi¬ 
din  gave  no  depression.  However,  since  the  original  argument  in  the  literature,  as  indicated  above,  developed 


•  The  [^arma colog ical  study  of  olitoriside  was  done  at  the  All-Union  Institute  for  Medicinal  and  Aromatic  Plants 
by  A.  D.  Turova. 
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around  the  question  whether  or  not  corchorlne  Is  the  specific  jute  glucoside  or  whether  ordinary  strophanthidin  had 
been  described  as  a  distinct  substance  under  the  name  of  corchorine,  we  also  prepared  some  of  the  derivatives  of 
the  aglucone.  All  these  in  their  properties  turned  out  to  be  identical  with  the  analogous  derivatives  of  strophanthi¬ 
din.  Finally,  we  measured  the  infrared  absorption  spectra  of  both  compounds  (Fig.  2)  which  confirmed  their 
total  identity. 

Thus,  the  material  secured  by  us  makes  us  join  those  authors  [3,  8,  12]  who  regard  that  strophanthidin  is  at 
die  base  of  the  jute  glucosides  (at  least  the  principal  ones). 


Amfi 

Fig.  1.  Ultraviolet  absorption  spectra 
of  olitoriside  and  its  aglucone  in 
alcohol. 

1)  Olitoriside;  2)  olitoriside  aglucone. 
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Fig.  2.  Infrared  absorption  spectra  of  strophanthidin 
and  olitoriside  aglucone,  taken  in  vaseline  oil. 

1)  Strophanthidin;  2)  olitoriside  aglucone. 


EXPERIMENTAL 

Isolation  of  olitoriside.  Five  kilograms  of  finely  ground  seeds  of  Corchorus  olitorius  L.  was  extracted  with 
petroleum  ether  until  completely  defatted.  The  loss  of  weight  in  the  extraction  was  10%.  The  seeds,  dried  from 
die  solvent  residues,  were  subjected  to  a  cold  extraction  with  methyl  alcohol  (Legal’s  test  was  used  for  control). 

The  medianolic  extract  was  concentrated  in  vacuum  at  45-50*  to  a  volume  of  1,5  liters  and  after  the  separation 
from  a  precipitate  was  reconcentrated  to  a  volume  of  700  ml.  The  slrupy  mass  was  diluted  with  two  volumes  of 
acetone;  precipitate  ’A"  was  formed  thereby  and  this  was  separated  and  washed  with  ethanol.  The  methanol- 
acetone  solution,  combined  with  wash  ethanol,  was  shaken  with  a  suspension  of  400  g  of  basic  lead  acetate  in  500 
ml  of  methanol.  The  resulting  precipitate  was  separated  and  washed  with  methanol.  The  excess  of  lead  ions  was 
removed  by  addition  to  the  filtrate  of  a  saturated  alcoholic  solution  of  sodium  chloride.  The  filtrate  from  lead 
chloride  was  evaporated  in  vacuum  to  a  volume  of  600  ml.  The  solution  was  shaken  three  times  with  an  equal 
volume  of  ether,  once  with  200  ml  of  chloroform  and  was  again  concentrated  to  a  volume  of  300  ml.  During  a 
slow  evaporation  over  several  days  (in  a  thermostat  at  35-40*)  of  the  thus-made  extract, there  began  to  precipitate 
from  it  some  small  joined  crystals  of  olitoriside.  The  yield  was  16  g. 

The  precipitate  "A*  (354  g)  was  triturated  with  300  ml  of  ethanol;  the  mass  crystallized  on  standing.  After 
three  recrystallizations  from  ethanol  there  was  obtained  a  substance  with  m.p.  72®,  which  was  identified  as  raffinose. 

Olitoriside.  The  crude  olitoriside  (16  g)  was  dissolved  in  five  parts  of  alcohol  and  the  solution  was  passed 
through  a  column  with  aluminum  oxide.  The  glucosides  were  eluted  with  ethanol.  The  eluate  was  concentrated 
in  vacuum  and  the  crystalline  olitoriside  was  precipitated  by  addition  of  ether.  The  yield  was  12  g.  The  recrystal¬ 
lization  from  a  mixture  of  alcohol  and  ether  was  continued  until  the  melting  point  and  the  specific  rotation  of  the 
substance  became  constant  after  repeated  recrystallizations. 

The  pure  olitoriside  has  m.p.  204-206*  (with  decomposition),  [a]“D  -4.5'  ±  1*  (c  4.8;  methanol).  Individual 
crystalline  forms  melted  also  at  222-224*. 
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Olltoriside  is  readily  soluble  in  ethyl  and  methyl  alcohols,  difficultly  soluble  in  chloroform  and  water,  and 
insoluble  in  ethyl  and  petroleum  ethers.  Its  color  tests  are;  Lleberman  —  green  color,  Legal  —  orange-red  color, 
Baller-Neuman  —  orange  color,  Raymond  —  blue  color,  Keller-Kiliani  —  dark  green  color,  drop  test  on  paper  accord¬ 
ing  to  Frerejacque  and  Durgeat  [13]  with  solution  of  vanillin  and  phosphoric  acid  in  alcohol  -  a  blue  spot.  The 
color  reaction  with  84‘7osulfuric  acid  with  time:  0  min  —  dark  green,  1  min  —  dark  green,  2  min  —  brown -green, 

5  min  —  brown,  30  min  —  brown,  1  hour  ~  dirty  brown. 

The  substance  was  dried  in  vacuum  at  105*  to  constant  weight  prior  to  analysis. 

Found  C  60.45,  60.44;  H  7.£'9,  7.82;  OCH3  0.82,  0.81.  C35Hb,Oi4.  Calculated  %;  C  60.33;  H  7.52; 

OCHj  4.45, 

0.3713  and  0.4667  g  of  olltoriside  were  dissolved  separately  in  30  ml  of  ethanol  and,  after  addition  to  each 
sample  of  39.4  ml  of  0.1  N  KOH,  heated  under  a  reflux  condenser  on  a  water  bath  for  three  hours.  The  excess 
alkali  was  back-titrated  with  0.1  N  HCl  in  the  presence  of  phenolphthalein.  There  was  consumed  34.1  and  32.8 
ml  of  acid  respectively. 

Found;  M  700.36,  707.12.  C35H52O14.  Calculated:  M  696.80. 

Penta -acetylolitoriside.  Olltoriside  (0.5  g)  was  heated  for  two  hours  on  a  water  bath  with  5  ml  of  dry  pyridine 
and  5  ml  of  acetic  anhydride.  The  excess  of  the  anhydride  and  pyridine  was  removed  in  vacuum.  The  solid  residue 
was  dissolved  in  hot  alcohol.  Small  yellowish  crystals  precipitated  after  cooling  of  the  alcoholic  solution.  The 
acetyl  derivative  was  repeatedly  recrystallized  from  alcohol  (with  use  of  activated  charcoal).  M.p.  229*  (with 
decomposition),  [a]”D  +  1.7'  ±  1"  (c  1.344;  methanol).  The  substance  was  dried  in  vacuum  at  105"  to  constant 
weight  prior  to  analysis. 

Found  <%:  C  59.44,  59.32;  H  7.14,  7.17.  C45H820jl9.  Calculated  C  59.59;  H  6.89. 

Hydrolysis  of  olltoriside.  Strophanthidin.  .  One  g  of  olitoriside  in  50  ml  of  methanol  was  heated  under  reflux 
after  addition  of  50  ml  of  0.1  N  sulfuric  acid,  on  a  boiling  water  bath  for  25  minutes.  Methanol  was  then  removed 
in  vacuum.  Crystals  [precipitated  on  the  following  day  from  the  remaining  aqueous  solution.  The  separated 
aglucone  was  recrystallized  at  first  from  aqueous  alcohol,  then  from  a  mixture  of  alcohol  and  ether.  It  precipitated 
in  this  case  in  the  form  of  rhombic  prisms  with  m.p.  178*  (with  foaming);  [a]*®D+  40.3  ±  0.5*  (c  2.603;  methanol). 
Mixed  melting  point  with  an  authentic  sample  of  strophanthidin,  obtained  from  cimarine,  was  176-177*.  The  aglu¬ 
cone  from  olitoriside  gave  all  the  color  tests  which  are  characteristic  of  strophanthidin.  All  analyses  were  run  with 
the  hemihydrate  form  of  the  aglucone. 

Found  C  66.41;  H  8.23;  HjO  2.38.  CjsHsjOg  •  %  HjO.  Calculated  C  66.80;  H  8.04;  %  HjO  2.18. 

The  equivalent  weight  was  determined  as  indicated  for  olitoriside. 

Found  ;  M  419.14.  CjaHs^Og  •  Vj  HjO.  Calculated;  M  413.52. 

Isostrophanthidin.  The  aglucone  (0.5  g)  from  olitoriside  was  dissolved  in  50  ml  of  5%  solution  of  potassium 
hydroxide  in  methanol.  The  solution  was  kept  for  three  hours  at  room  temperature  after  which  it  was  diluted  to 
twice  the  original  volume  with  water,  neutralized  to  weakly  acidic  reaction  to  Congo  red  with  hydrochloric  acid 
and  heated  for  5  minutes  to  40-50*.  After  one  day  the  solution  precipitated  thin  plates  which  were  difficultly 
soluble  in  alcohol.  The  crystals,  recrystallized  from  alcohol,  had  m.p.  244-246*,  [a]**’D  +  23.3  ±  2*(c  0.978; 
chloroform). 

Acetylstrophanthidin.  .  The  aglucone  (0.5  g)  was  heated  for  two  hours  on  a  boiling  water  bath  with  5  ml  of 
pyridine  and  5  ml  of  acetic  anhydride.  The  acetylation  product,  recrystallized  from  alcohol,  had  m.p.  241-242* 
and  failed  to  give  a  depression  in  a  mixed  melting  point  with  an  authentic  sample  of  acetylstrophanthidin.  .  [ot]***D 
+  34.0  ±  3*  (c  0.696;  methanol). 

Found  %;  C  67.05,  67.30;  H  7.66,  7.56.  C25H34O7.  Calculated  %;  C  67.24;  H  7.67. 

Strophanthidin  phenylhydrazone.  The  aglucone  (0.5  g)  in  10  ml  of  alcohol  was  mixed  widi  the  solution 
of  1.0  g  of  phenylhydrazine  hydrochloride  and  1.5  g  of  sodium  acetate  in  10  ml  of  water.  The  mixture  was  heated 
on  a  water  bath  for  30  minutes.  Crystals  appeared  on  cooling.  The  phenylhydrazone,  recrystallized  from  80% 
alcohol,  precipitated  in  the  form  of  colorless  prisms,  which  after  drying  over  phosphoric  anhydride,  had  m.p. 
241-243*  (with  decomposition). 
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Found  %  N  5.07.  5.04.  C^jjOgN,.  Calculated  %  N  5.66. 


SUMMARY 

1.  A  new  steroidal  glucoside  —  olitoriside,  035(152014  —  was  isolated  from  seeds  of  Corchorus  olitorius  L. 
(fam.  Tiliaceae)  and  was  characterized. 

2.  Olitoriside  is  a  biocide  and  under  the  influence  of  acids  hydrolyzes  to  a  sugar  residue  and  strophanthi¬ 
din. 

3.  New  data  are  supplied  which  confirm  the  identity  of  corchorine  and  strophanthidin. 
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A  STUDY  OF  ACONITE  ALKALOIDS 


XIL  STRUCTURE  OF  THE  HYDROCARBON  Ci^u  AND  THE  POSSIBLE  FORMULA  OF  SONGORINE 
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Earlier  [1]  we  prepared  a  hydrocarbon  CjgHjg  in  dehydrogenation  of  songorine  with  selenium.  We  accom¬ 
plished  the  synthesis  of  this  substance  according  to  the  following  scheme: 


A  mixture  of  isomers,  differing  in  the  position  of  the  double  bond,  may  be  formed  in  the  dehydration  of  the 
tertiary  alcohol  formed  in  the  Grignard  reaction.  In  this  case,  after  cyclization  and  the  subsequent  dehydrogenation, 
there  may  form  not  only  the  expected  l,10-dimethyl-7-ethylphenanthrene,  as  indicated  on  the  above  scheme,  but 
also  1,10-dimethyl -5 -ethylphenanthrene.  The  substance  isolated  by  us  after  the  dehydrogenation  was  identical 
with  the  hydrocarbon  CigHjg  formed  in  dehydrogenation  of  songorine.  The  position  of  the  ediyl  group  in  this  sub¬ 
stance  at  the  C7  location  in  the  phenanthrene  nucleus  was  established  by  the  previously  run  [2]  oxidation  of  the 
hydrocarbon  C^gHu  to  biphenyl -2,3, 2’,4'-tetracarboxylic  acid. 


l-Bromo-2-o-tolylpropane  was  prepared  starting  with  o-xylene: 
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For  the  synthesis  of  1-etfiyl -3 -cyclohexanone  we  used  1,3-cyclohexanedione  as  the  starting  material,  this 
being  prepared  as  the  result  of  the  following  reactions  which  are  described  in  the  literature  [3]: 

HOCH2CH2CN  BrCH2CH2COOH  ^  BrCH2CH2COOC2H5 
->  CH3COCHCOOC2H5  CH3COCH2CH2CH2COOH 

I 

CHaCHaCOOCaHr, 

CH3COCH2CH2CH2COOC2Hr,  CH2COCH2CH2CH2CO. 
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It  Is  known  [4]  that  1,2-cyclohexanedione  undergoes  the  Grignard  reaction  in  the  enollc  form.  This  reaction 
proceeds  analogously  if  one  takes  1,3-cyclohexanedione; 

IM^O  /OM*I 

I  I  II  I  |\c,h5— . 

\/  \/  \/ 

— .  I  |\C2H,,  I  |\C8Hs 

\/  \/ 

1- Ethyl -3 -cyclohexanone  was  prepared  by  hydrogenation  of  ethylcyclohexenone  over  Raney  nickel  catalyst 
and  the  product  was  characterized  in  the  form  of  its  semicarbazone. 

The  clarification  of  the  stmcture  of  hydrocarbon  permitted  us  to  generalize  the  known  properties  of 

songorine  and  to  make  some  suppositions  about  the  stmcture  of  this  alkaloid. 

The  results  of  analysis  of  songorine  (m.p.  201-203*)  correspond  to  the  formula  C2iH2^sN  as  well  as  to  the 
formula  C22H31O3N.  Formaldehyde  is  cleaved  in  ozonolysis  of  songorine,  this  fact  indicating  the  presence  of  a 
terminal  methylene  group.  In  reduction  of  songorine  by  sodium  borohydride  there  was  obtained  a  dihydro  de¬ 
rivative  with  m.p.  163-165*  (picrate,  m.p.  232*)  in  which  the  0x0  group  is  reduced  to  the  hydroxyl.  In  the  cata¬ 
lytic  hydrogenation  of  songorine  there  is  formed,  besides  dihydrosongorine  with  m.p.  205-207*  [5],  a  substance 
which  is  isomeric  with  songorine  —  isosongorine  (m.p.  193-195*). 

A  band  of  die  isolated  0x0  group  present  in  a  six-membered  ring  (1708  cm”^)  is  found  in  the  infrared  spectmm 
of  songorine.  The  spectmm  of  isosongorine  indicates  the  presence  of  two  0x0  groups  (1708  and  1740  cm”^);  one 
of  these  is  located  in  a  six-membered,  the  other  in  a  five-membered  ring.  The  appearance  of  a  new  0x0  group  in 
isosongorine  is  explained  [6]  by  the  transformation  of  — CH(OH)  — C=CH2  group  into  — CO— CH~CH3  group. 


In  the  ultraviolet  spectmm  of  songorine  there  is  observed  absorption  in  the  region  of  290  mp  290  mp, 

log  €  2.6)  which  is  more  intense tiian  would  be  expected  in  the  presence  of  but  a  single  isolated  0x0  group.  Re¬ 
duction  of  a  double  bond  or  an  oxo  group  leads  to  a  weakening  of  absorption:  absorption  of  dihydrosongorine  in 
this  region  (Xpiax  ®  corresponds  to  that  of  ordinary  ketones;  the  dihydro  derivative  with  m.p. 

163-165*  does  not  have  absorption  maxima  in  this  region.  One  may  suppose  the  presence  of  the  grouping  of  d,y- 
-unsatured  ketone  in  songorine  [7]. 

The  recently  published  paper  [8]  about  the  separation  of  the  alkaloid  napelline  into  two  new  alkaloids  — 
napelllne  and  napellonine  —  may  be  considered.  The  properties  of  the  latter  substance  are  quite  close  to  the  prop¬ 
erties  of  songorine  which  gives  us  the  opportunity  to  make  a  supposition  about  the  identity  of  these  alkaloids. 

In  the  infrared  spectrum  of  napellonine,  C22H3P3N  (m.p.  212*)  there  is  a  band  of  the  0x0  group  in  a  six- 
membered  ring  (1708  cm“^);  in  the  ultraviolet  spectmm  there  is  observed  an  abnormally  high  (for  an  isolated  0x0 
group)  absorption  with  X^j^^  290  mp  (log  e  2.6).  By  reduction  of  napellonine  with  lithium  aluminum  hydride  there 
was  obtained  napelline  C22H33O3N  with  m.p.  166"  (picrate.  m.p.  238*)  On  hydrogenation  of  napellonine  there  is 
observed  its  conversion  into  a  diketone  C22H31O3N  with  m.p.  203*,  containing  0x0  groups  in  the  six-membered 
(1707  cm"^)  and  the  five-membered  rings  (1733  cm"^.  Hydrocarbon  CyHig  forms  in  dehydrogenation  of  napelline 
[9]  and  we  have  already  indicated  [1]  the  similarity  of  this  hydrocarbon  with  the  hydrocarbon  formed  in  dehydrogena¬ 
tion  of  songorine. 

The  hypothetical  formula  (I)  has  been  suggested  [8]  for  napellonine: 
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The  identity  of  napellonine  and  songorine  permits  us  to  consider  formula  (I)  from  the  viewpoint  of  the  results 
of  study  of  songorine  stmcture.  The  formation  of  l,10-dimethyl-7-ethylphenanthrene  in  the  dehydrogenation  of 
songorine  confirms  the  presence  of  substituents  at  the  position  of  perhydrophenanthrene  nucleus  and  the  joining 
of  the  flve-membered  ring  at  C7  position.  The  proposed  joining  of  one  of  the  rings  at  Cg  is  improbable;  the  join¬ 
ing  of  this  ring  at  C^g  appears  to  be  more  probable.  Formula  (II),  which  we  propose  as  one  of  the  possibilities, 
explains  the  results  of  dehydrogenation  of  songorine  best  of  all.  It  explains  also  all  the  above-listed  properties  of 
songorine  and  napellonine.  Starting  with  this  formula,  one  begins  to  understand  the  impossibility  of  the  second 
stage  of  the  Hofmann  degradation  and  the  impossibility  of  dehydrogenation  under  mild  conditions  without  a  cleav¬ 
age  of  the  carbon  skeleton;  these  facts  had  been  noted  by  us  previously  [1]. 

EXPERIMENTAL 

g-o-Tolylpropionic  acid.  To  a  suspension  of  34  g  of  sodium  in  1000  ml  of  dry  ether  there  was  added  gradu¬ 
ally  134  g  of  o-tolylacetonltrile.  After  termination  of  the  violet  reaction,  die  mixture  was  refluxed  for  30  min¬ 
utes,  after  which  there  was  added  to  it  150  g  of  methyl  iodide  with  ice  cooling.  After  refluxing  for  30  minutes, 
the  sodium  residues  were  destroyed  by  addition  of  alcohol  and  the  mixture  was  poured  on  ice;  the  reaction  product 
was  extracted  with  ether.  The  extract  was  washed  with  water,  dried  with  sodium  sulfate  and  evaporated.  There 
was  obtained  56  g  of  the  nitrile  with  b.p.  150-160"  (40  mm).  The  56  g  of  the  nitrile  was  added  to  a  solution  of 
104  ml  of  concentrated  sulfuric  acid  in  70  ml  of  water.  The  mixture  was  heated  carefully.  At  the  start  of  a  vio¬ 
lent  reaction,  die  reaction  flask  was  cooled  for  a  while,  after  which  the  mixture  was  heated .  at  reflux  for  30  min¬ 
utes.  The  reaction  product  was  extracted  with  ether.  The  extract  was  washed  with  water,  dried  with  sodium  sul¬ 
fate  and  evaporated.  After  crystallization  from  heptane  there  was  obtained  26  g  of  the  acid  with  m.p.  92-94". 

Found  %;  C  72.76,  72.84;  H  7.46,  7.41.  CioH^Oj.  Calculated  C  73.14;  H  7.37. 

Methyl -o-tolylcarbinol.  The  solution  of  26  g  of  a-o-tolylproplonlc  acid  in  0.75  liter  of  dry  ether  was 
gradually  added  to  a  solution  of  4.6  g  of  lithium  aluminum  hydride  in  0.75  liter  of  dry  ether.  The  mixture  was 
refluxed  for  two  hours.  There  was  obtained  19  g  of  methyl -o-tolylcarblnol  with  b.p.  135-136"  (24  mm). 

Found  %  C  79.80;  H  9.41.  CigHiP.  Calculated  C  79.96;  H  9.39. 

l-Bromo-2-o-tolylpropane.  To  19  g  of  methyl -o-tolylcarblnol  there  was  added,  with  cooling,  19  g  of 
phosphorus  tribromide.  After  heating  for  30  minutes  at  100",  the  mixture  was  poured  on  ice  and  ihe  reaction  pro¬ 
duct  was  extracted  with  ether.  There  was  obtained  20  g  of  the  bromide  with  b.p.  100-101’  (5  mm). 

Found  Br  37.41,  37.55.  CjoHyBr.  Calculated  Br  37.50. 

1- Ethyl -3 -cyclohexanone.  A  suspension  of  32  g  of  1,3-cyclohexanedlone  with  m.p.  101-103"  (from  ethyl 
acetate)  was  added  with  cooling  to  the  solution  of  ethylmagneslum  iodide  (from  16.3  g  of  magnesium  and  108  g 
of  ethyl  iodide)  in  500  ml  of  ether.  The  mixture  was  refluxed  for  two  hours,  after  which  it  was  poured  on  ice, 
the  mixture  was  acidified  with  concentrated  hydrochloric  acid  and  the  reaction  product  extracted  with  ether. 

There  was  obtained  16  g  of  ethylcyclohexenone  with  b.p.  135-140"  (50  mm).  The  latter  was  dissolved  in  16  ml 
of  methanol  and  was  hydrogenated  with  Raney  nickel  catalyst  under  a  slight  pressure  of  hydrogen.  The  reaction 
product  was  distilled  in  vacuum;  yield  ~  9.5  g;  b.p.  195-205"  (15  mm). 

Found  C  75.58;  H  11.64.  CsHi4p.  Calculated  %:  C  76.13;  H  11.18. 

The  semicarbazone  of  1 -ethyl -3 -cyclohexanone  was  prepared  by  the  usual  method;  m.p.  169-171"  without 
recrystallization. 

l,10-Dimethyl-7-ethylphenanthrene.  To  50  ml  of  ethereal  solution  of  o-CH3CgH4CH(CH3)CH2MgBr  (from 
16.6  g  of  l-bromo-2-o-tolylpropane  and  1.9  g  of  magnesium)  there  was  added  with  cooling  an  ethereal  solution 
of  1 -ethyl -3 -cyclohexanone.  The  reaction  mixture  was  refluxed  for  two  hours,  after  which  it  was  poured  on  ice. 
The  reaction  product  was  extracted  with  etfier  and  distilled  in  vacuum.  There  was  obtained  5.2  g  of  the  condensa¬ 
tion  product  widi  b.p.  195-205"  (15  mm).  To  this  there  was  added  a  cooled  mixture  of  11  g  of  concentrated  sul¬ 
furic  acid  and  2  ml  of  water.  The  reaction  mixture  was  shaken  periodically,  left  for  one  hour  at  room  tempera¬ 
ture  and  finally  poured  on  ice.  The  reaction  product  was  extracted  with  ether  and  distilled  in  vacuum.  There  was 
obtained  3.9  g  of  dimethyloctahydrophenanthrene  with  b.p.  195-205"  (15  mm). 

D’methylethyloctahydrophenanthrene  (3.9  g)  was  heated  with  3  g  of  selenium  at  340"  (bath  temperature) for 
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four  hours.  The  reaction  product  was  dissolved  In  hexane  and  chromatographed  on  aluminum  oxide.  From  the 
zone  which  fluoresced  strongly  in  ultraviolet  light  there  was  eluted  with  ether  0.5  g  of  a  substance  whose  picrate 
melted  at  124-125*  after  several  recrystallizations  from  alcohol.  The  solution  of  the  picrate  in  ether  was  passed 
through  aluminum  oxide.  After  evaporation  of  the  eluate,  the  residue  crystallized.  As  the  result  of  recrystalliza¬ 
tion  from  methanol,  alcohol  and,  again,  methanol. there  was  obtained  a  colorless  substance  with  m.p.  78-79*;  no 
depression  was  observed  in  the  mixed  melting  point  with  the  hydrocarbon  obtained  from  songorine.  The 

hydrocarbon  yielded  a  picrate  with  m.p.  131-132*;  its  mixture  with  the  picrate  of  the  hydrocarbon  from  songorine 
melted  at  the  same  temperature.  Infrared  absorption  spectra  of  these  two  picrates  were  completely  coincident. 

Ozonolysis  of  songorine.  A  stream  of  ozonized  oxygen  was  passed  for  nine  minutes  through  a  solution  of  1  g 
of  songorine  in  28.8  ml  of  0.1  N  hydrochloric  acid  at  0*;  during  this  period  about  0.03  millimoles  of  ozone  was 
absorbed.  The  solution  was  evaporated  in  vacuum  at  a  temperature  below  30".  Formaldehyde  derivative  of  dl- 
methylcyclohexanedione  was  obtained  from  the  distillate;  this  melted  at  183-184*;  a  mixed  melting  point  with 
an  authentic  specimen  of  the  formaldehyde  derivative  showed  no  depression.  In  a  parallel  experiment  on  ozonlza- 
tlon  of  dlhydrosongorine  no  formaldehyde  was  formed.  From  the  residue  after  evaporation  in  vacuum  of  the  solu¬ 
tion  after  ozonization  of  songorine  there  were  isolated  an  uncrystallizable  substance  (0.5  g)  and  an  uncrystallizable 
amino  acid  (0.5  g).  From  the  latter  there  was  obtained  an  uncrystallizable  ethyl  ester,  after  esterification  by  the 
Fischer  method. 

Catalytic  hydrogenation  of  songorine.  Five  g  of  songorine  in  a  mixture  of  10  ml  of  alcohol  and  30  ml  of 
hydrochloric  acid  was  hydrogenated  with  platinum  catalyst  prepared  from  0.5  g  of  platinum  oxide.  After  evap¬ 
oration  of  alcohol,  making  the  solution  basic  with  ammonia  and  extraction  with  ether,  there  was  extracted  a 
base  with  m.p.  163-176*.  This  substance  was  treated  with  25  ml  of  boiling  benzene.  From  the  insoluble  residue, 
after  recrystallization  from  alcohol,  there  was  obtained  1.5  g  of  dlhydrosongorine.  From  the  benzene  solution 
there  was  Isolated  a  base  which,  after  numerous  recrystallizations  from  methanol,  yielded  isosongorine  with  m.p. 
193-195*.  Its  mixture  with  dlhydrosongorine  melted  at  170-178". 

Found  C  73.93;  H  8.62;  N  3.95;  OH  6.0.  CjjHjiOjN.  Calculated  C  73.93;  H  8.74;  N  3.92; 

OH  4.79. 

Reduction  of  songorine  with  sodium  borohydride.  To  a  solution  of  0.8  g  of  songorine  in  methanol  there  was 
added  0.8  g  of  sodium  borohydride  with  ice  cooling.  The  mixture  was  refluxed  for  two  hours,  then  evaporated  in 
vacuum.  To  the  residue  there  was  added  some  water  and  an  excess  of  ammonia,  after  which  the  reaction  product 
was  extracted  with  ether.  There  was  obtained  a  base  which  crystallized  after  prolonged  standing.  M.p.  163-165* 
(from  acetone);  hydrobromide,  m.p.  216-216.5";  picrate,  m.p.  332* 

SUMMARY 

1.  l,10-Dimethyl-7-ethylphenanthrene  was  synthesized  and  the  identity  of  this  hydrocarbon  with  hydro¬ 
carbon  CjjHjg  obtained  from  dehydrogenation  of  songorine. was  established. 

2.  A  hypothetical  formula  of  the  structure  of  songorine  was  suggested. 
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SYNTHESES  OF  VINYL  MONOMERS 
IV.  FLUORINE-SUBSTITUTED  ACRYLATES 

A.  la.  lakubovich,  N.  A.  Bogoslovskii,  E.  P.  Pravova  and  S,  M.  Rozenshtein 

The  number  of  knovm  fluoro-substituted  acrylates  is  small  [1].  Among  alkyl  methacrylates  containing  fluorine 
atoms  in  the  alkyl  group,  there  has  been  described  only  -trifluoroethyl  methacrylate  [2].  Among  the  com¬ 
pounds  substituted  with  fluorine  in  the  acid  portion  of  the  molecule  there  have  been  prepared:  a-trifluoromethyl- 
acrylates  [3],  ot-fluoro-,  B*B -difluoro-  and  trifluoroacrylic  acids  [4].  We  synthesized  an  entire  series  of  fluorin- 
ated  acrylates  whose  description  is  given  below.  Starting  with  B -fluoroethyl  and  B,B»B -trifluoroisopropyl  alcohob 
and  die  chloride  of  methacrylic  acid,  we  prepared  by  conventional  method:  trifluoroisopropyl  and  6 -fluoroethyl 
methacrylates.  The  last  compound,  as  indicated  above,  had  been  previously  mentioned  only  in  a  patent  and  for 
this  reason  its  more  detailed  description  is  given  by  us  in  the  experimental  section. 

Attempts  to  prepare  fluoromethyl  methacrylate  from  chloro-  and  bromo-methyl  methacrylates  by  exchange 
of  the  indicated  atoms  of  halogens  for  fluorine  with  the  aid  of  potassium  fluoride  or  mercury  fluoride  failed  to  give 
positive  results.  We  failed  to  isolate  any  fluoromethyl  acrylate  from  the  reaction  products.  We  also  failed  to  obtain 
this  substance  by  the  way  of  condensation  of  the  fluoride  of  methacrylic  acid  with  formaldehyde,  a  reaction  ana¬ 
logous  to  that  realized  in  the  syntheses  of  chloro-  and  bromomethyl  methacrylates  described  by  us  [5].  From  acry¬ 
lates  containing  fluorine  in  the  acid  portion  of  the  molecule  we  did  synthesize  methyl  a -fluoromethyl-  and  a-di- 
fluoromethylacrylates  and  some  of  their  derivatives.  The  synthesis  of  these  compounds  was  realized  through  the  . 
scheme  below: 

CH3COCHX2  — CH3C0H(CN)CHX2  CH3C0H(C00H)CHX2 

— >  CH3C0H(C00CH3)CHX2  CHsCCOCOCHg)  (COOCH3)CHX2  — ► 

CH2=C(CHX2)C00CH3. 

where  X  =  F  or  H. 

All  the  Intermediate  products  in  these  syntheses  (cyanohydrins,  a -hydroxypropionic  acid  and  their  esters 
and  acetates),  containing  fluoro-  and  difluoromethyl  groups,  were  isolated  and  characterized. 

The  initial  fluoro-  and  difluoroacetones  were  prepared,  in  contrast  to  the  previously  described  more  com¬ 
plex  methods  of  synthesis,  by  the  exchange  reaction  of  chloro-  and  dichloroacetones  with  potassium  fluoride  in 
a  solution  of  dlethylene  glycol;  the  properties  of  the  acetone  fluorides  synthesized  in  this  manner  did  not  differ 
from  the  previously  described  properties  of  fluoro-  and  difluoroacetones. 

EXPERIMENTAL 

I.  6 -Fluoroethyl  methacrylate.  A  mixture  of  49.9  g  of  the  chloride  of  methacrylic  acid,  30.5  g  of  ethylene 
fluorohydrin  and  0.06  g  of  hydroquinone  was  heated  for  three  hours  at  90*.  The  product  was  distilled  in  vacuum, 
whereby  there  was  collected  44  g  of  a  fraction  boiling  within  the  limits  of  40-53*  at  63  mm.  After  a  second  distil¬ 
lation  of  this  fraction  there  was  Isolated  27.3  g  of  6 -fluoroethyl  methacrylate  with  b.p.  48-49*  at  15  mm. 

d*®4  1.0904,  n*®D  1.4200. 
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Found  <70:  C  54.27;  H  6.82;  F  13.28,  M  132.1.  CgH^jF.  Calculated  1<n.  C  54.5;  F  14.3;  M  132. 

II.  Trifluoroisopropyl  methacrylate.  To  14.4  g  of  -trifluorolsopropyl  alcohol  there  was  added  dropwise 

12  g  of  the  chloride  of  methacrylic  acid  at  50-60*.  After  completion  of  the  addition,  the  reaction  mixture  was 
heated  for  1.5-2  hours  longer  at  the  indicated  temperature.  Then  the  mixture  was  washed  three  times  with  water, 
dried  with  calcium  chloride  and  distilled.  There  was  obtained  7.5  g  (36.5%)  of  trifluoroisopropyl  methacrylate  with 
b.p.  114*. 

d*“4  1.1308,  n^^D  1.3677,  MRj)  35.47;  calculated  36.17. 

Found  %:  C  45.68;  H  5.29;  F  31.75.  CyHgOzFj.  Calculated  %:  C  46.2;  H  4.43;  F  31.18. 

III.  Methyl  a-fluorometfaylacrylate.  a)  Fluoroacetone.  A  mixture  of  93.5  g  of  calcined  powdered  potassium 
fluoride  and  265  g  of  diethylene  glycol  was  heated  in  an  oil  bath  with  stirring  to  170",  after  which  150  g  of  chloro- 
acetone  was  added  to  it  dropwise.  The  resulting  fluoroacetone  was  distilled  and  collected  in  a  receiver  in  the 
amount  of  40-44  g.  The  collected  liquid  was  dried  with  sodium  sulfate  and  distilled.  There  was  isolated  26  g  of 
fluoroacetone  with  b.p.  73.5-74.5“,  6*^4  1.065,  n*®D  1.3702. 

b)  Fluoroacetone  cyanohydrin.  A  solution  of  41  g  of  potassium  cyanide  in  160  ml  of  water  was  cooled  to 
0*.  With  stirring,  42  g  of  fluoroacetone  was  introduced  dropwise,  after  which  240  ml  of  25%  sulfuric  acid  was 
added  slowly  with  cooling  to  0*.  The  temperature  of  the  reaction  mixture  was  maintained  within  the  limits  of 
0-10".  After  completion  of  addition  of  sulfuric  acid,  the  reaction  mixture  was  stirred  for  30  minutes  longer  and 
was  allowed  to  stand  overnight,  after  which  it  was  extracted  5-6  times  with  125  ml  portions  of  ether.  The  ethereal 
extracts  were  combined,  dried  with  sodium  sulfate,  the  ether  was  distilled  from  them  on  a  water  bath  and  the  re¬ 
sidue  was  distilled  in  vacuum.  There  was  obtained  40.8  g  (72%)  of  fluoroacetone  cyanohydrin  with  b.p.  73.5-74 
at  3  mm. 

d”4  1.1169,  n*®D  1.3995. 

Found  %;  C  47.85;  H  6.42;  N  14.48;  F  18.19.  C4H6QNF.  Calculated  %:  C  46.8;  H  5.82;  N  13.6; 

F  18.45. 

c)  q-Fluorometfayl-g-hydroxypropionic  acid.  Into  33.5  g  of  concentrated  sulfuric  acid  there  was  added 
dropwise  with  stirring  40.8  g  of  fluoroacetone  cyanohydrin.  The  temperature,  which  rises  during  this  operation, 
reaching  70-80*,  was  regulated  by  the  rate  of  addition  of  the  fluoroacetone  cyanohydrin.  To  the  cooled  mixture 
there  was  gradually  added  390  ml  of  water  and  the  mixture  was  heated  on  a  boiling  water  bath  for  six  hours,  after 
which  the  mixture  was  evaporated  in  a  porcelain  dish  until  it  began  to  crystallize.  After  cooling,  the  resulting 
crystals  of  the  acid  were  filtered  off,  dried  (43-45  g)  and  recrystallized  from  benzene.  There  was  obtained  20  g 
of  pure  a-fluoromethyl-ot-hydroxypropionicacidin  the  form  of  readily  water  soluble  colorless  crystals  with  m.p. 
94.5-95.5". 

Found  %;  C  39.83;  H  7.37;  F  17.36.  C4H7O3F.  Calculated  %;  C  39.3;  H  5.75;  F  15.6. 

d)  Methyl  o-fluoromethyl -a -hydroxy propionate.  A  mixture  of  108  g  of  a -fluoromethyl-a-hydroxy propionic 
acid,  75.5  g  of  anhydrous  methyl  alcohol  and  3  ml  of  concentrated  sulfuric  acid  was  refluxed  on  a  water  bath  for 
16-17  hours.  The  excess  methanol  was  distilled  and  the  residue  was  distilled  in  vacuum  whereby  there  was  ob¬ 
tained  86.4  g  (72.3%)  of  methyl  a-fluoromethyl-a-hydroxypropionateinthe  form  of  coloiless  liquid  with  a  pleasant 
odor  with  b.p.  53-54"  at  7  mm,  the  product  being  readily  soluble  in  water. 

d”io  1.1791,  n*®D  1.4065. 

Found  %:  C  45.05;  H  4.15;  F  13.8.  CsH^F-  Calculated  %:  C  44.3;  H  6.6;  F  13.98. 

e)  Methyl  a-fluoromethyl-a-acetoxypropionate.  A  mixture  of  86.4  g  of  methyl  a-fluoromethyl-a-hydroxy- 
propionate,  110  g  (70%  excess)  of  acetic  anhydride  and  8.5  g  of  fused  sodium  acetate  was  heated  on  a  boiling  water 
bath  for  5-6  hours.  After  cooling,  the  reaction  mixture  was  poured  into  125  ml  of  ice  water,  separated,  dried  with 
magnesium  sulfate  and  distilled  in  vacuum.  There  was  obtained  85.7  g  (76.5%)  of  methyl  a-fluoromethyl-a- 
acetoxypropionate  in  the  form  of  water  insoluble  colorless  liquid  with  b.p.  65-66.5*  at  5  mm. 

d*®io  1-1757,  n*®D  1.4076. 

Found  %;  C  45.63;  H  7.02;  F  9.93.  CyHyO^F.  Calculated  %;  C  44.7;  H  6.35;  F  10.7. 
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f)  Methyl  a-fluoromethylacrylate.  Seventy  g  of  methyl  a-fluoromethyl-a-acetoxypropionate  was  passed 
through  a  quartz  tube  (450  mm  long  and  25  mm  in  diameter;  heated  zone  —  400  mm)  packed  with  pieces  of  hard 
glass  tubing  and  preliminarily  flushed  with  dry  nitrogen;  the  tube  was  heated  to  500*  while  the  ester  was  added 
at  die  rate  of  1  g  per  minute. 

The  pyrolysis  products  were  collected  in  a  receiver  cooled  by  a  mixture  of  ice  and  salt.  There  was  ob¬ 
tained  66  g  of  pyrolyzate  which  was  washed  four  times  with  a  mi\ture  of  lO^o  solution  of  sodium  bicarbonate  and 
saturated  sodium  chloride  solution,  dried  with  anhydrous  calcium  chloride  and  distilled  with  addition  of  0.1%  of 
hydroquinone.  There  was  obtained  18.5  g  (40%)  of  methyl  a-fluoromethvlacrylate  in  the  form  of  a  transparent 
colorless  liquid  with  a  sharp,  irritating  odor;  insoluble  in  water;  b.p.  123-125". 

d*®20  1.1084,  n^®D  1.4092, 

Found  %;  C  51.02;  H  6.29;  F  17,35.  CgHTOzF.  Calculated  %:  C  50.8;  H  5.9;  F  16.05. 

IV.  Methyl  a-difluoromethylacrylate.  a)  Difluoroacetone.  A  mixture  of  85  g  of  calcined  powdered  potas¬ 
sium  fluoride  and  395  g  of  diethylene  glycol  was  stirred  for  ten  minutes  in  a  three-necked  flask,  after  which  there 
was  added  80  g  of  dichloroacetone  and  the  mixture  was  heated  in  an  oil  bath  to  185-195*.  The  resulting  difluoro¬ 
acetone  distilled  at  50-60"  (in  the  vapor)  and  was  collected  in  the  receiver  in  die  volume  of  5-8  g.  By  distillation 
there  was  isolated  unsym -difluoroacetone  with  b.p,  42.5-43",  n®®D  1.3570,  d*®jo  1.238. 

b)  Difluoroacetone  cyanohydrin.  From  20  g  of  difluoroacetone,  after  treatment  with  sodium  cyanide  as  in 
experiment  Illb,  there  was  obtained  14.4  g  (57%)  of  difluoroacetone  cyanohydrin  with  b.p.  70.5-71*  at  9  mm. 

n^®D  1.3750,  d®®20  1.2358. 

Found  %;  C41.3;  H  5.78;  N  11.56;  F  34.2.  C4H50NF2.  Calculated  %:  C  39.7;  H4.15;  N  11.65;  F  31.3. 

c)  a -Difluoromethyl-g -hydroxypropionic  acid.  Difluoroacetone  cyanohydrin  (12.9  g)  was  hydrolyzed  as 
in  experiment  IIIc.  The  resulting  aqueous  solution  of  the  acid  was  extracted  several  times  with  ether,  the  extract 
was  dried  with  sodium  sulfate,  the  ether  was  distilled  and  there  was  obtained  11.7  g  of  cmde  a-difluoromethyl- 
-a -hydroxypropionic  acid.  By  recrystallization  from  benzene  there  was  obtained  11.6  g  of  the  pure  product  with 
m.p.  87.5-88.5". 

Found  %;  C  35,01;  H  4.78;  F  25.93.  C4H6O3F2.  Calculated  %:  C  34.3;  H  4.3;  F  27.2. 

d)  Methyl  g-dlfluoromethyl-g -hydroxypropionate.  Nine  g  of  a -difluoromethyl -a -hydroxypropionic  acid 
was  methylated  as  described  in  experiment  Illd,  whereby  there  was  obtained  5.7  g  (60%)  of  methyl-a-difluoro- 
methylpropionate  (should  be  -a -hydroxypropionate)  in  the  form  of  a  colorless, transparent,  water-soluble  liquid 
with  b.p.  42-43.5*  at  3  mm. 

d^®20  1.2801,  n^®D  1.3896. 

Found  %;  C  40.56;  H  6.01;  F  24.45.  CgHgOgFj.  Calculated  %:  C  39.0;  H  5.9;  F  24.7. 

e)  Methyl  a -difluoromethyl -a -acetoxypropionate.  Five  g  of  methyl  a -difluoromethyl -a -hydroxypropionate 
was  acetylated  with  acetic  anhydride,  as  in  experiment  Ille.  There  was  obtained  3.7  g  (58.5%)  of  methyl  a -di¬ 
fluoromethyl -a -acetoxypropionate  with  b.p.  54.5-56"  at  5  mm. 

d*®2o  1.2445,  n*®D  1.3922. 

Found  %:  C  43.56;  H  5.43;  F  18.22.  C7H10O4F2.  Calculated  %:  C  42.8;  H  5.1;  F  19,4. 

f)  Methyl  a-difJ.uoromethylacrylate.  Twenty  g  of  methyl  a -difluoromethyl -a -acetoxypropionate  was  pyro- 
lyzed  and  treated  as  in  experiment  Illf.  There  was  obtained  2.8  g  (20%)  of  methyl  ot-difluoromethylacrylate  in 
the  form  of  a  colorless,  transparent  liquid,  with  a  sharp  irritating  odor,  with  b.p.  46,5-47"  at  40  mm. 

d*°2o  1.1830,  n^®D  1.3900. 

Found  %:  C  45.57;  H  5.5;  F  26.8.  CsHgOjFj.  Calculated  %:  C  44,25;  H  4.4;  F  27.9, 

SUMMARY 

There  was  described  the  preparation  and  the  properties  of  methyl  a-fluoromethyl-  and  methyl  a-difluoro“ 
methylacrylates,  prepared  from  fluoro-  and  difluoroacetone,  respectively,  through  the  nitriles  and  other  derivatives  of 
of  a-fluoromethyl-  and  a -difluoromethyl -a -hydroxypropionic  acids. 
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SYNTHESES  OF  VINYL  MONOMERS 


V.  SYNTHESES  OF  CYANO-SUBSTITUTED  ACRYLATES 

A.  lakubovich,  V.  Razumovskii  and  S.  Rozenshtein 

Among  the  considerable  number  of  esters  of  acrylic  and  methacrylic  acid  described  in  the  literature  the 
esters  of  cyano-substituted  alcohols  still  remained  among  the  poorly  studied  ones.  By  the  reaction  of  an  aqueous 
solution  of  formaldehyde,  sodium  cyanide  and  the  chloride  of  the  acid,  there  were  prepared  the  cyanomethyl 
esters  of  acrylic  and  methacrylic  acids  [1].  Also  were  described  the  a-cyanoethyl  and  a-cyanolsopropyl  esters 
of  acrylic  acid  [2]. 

The  use  of  cyanomethyl,  0-cyanoethyl  and  a -cy  a  noisopropyl  esters  of  methacrylic  acid  was  recommended 
in  the  patent  literature  [3]  for  the  preparation  of  their  polymers  and  copolymers.  However  the  preparation  of  the 
monomeric  esters  and  their  properties  were  described  far  from  adequately.  We  studied  diese  esters  in  detail  and 
also  prepared  the  previously  undescribed  a-cyanoethyl,  a-cyanobenzyl  and  p-cyanophenyl  esters  of  methacrylic 
acid.  We  used  the  known  methods  ([1]  and  others)  for  the  synthesis  of  cyanoalkyl  methacrylates. 

p-Cyanophenyl  methacrylate  was  prepared  by  the  reaction  of  methacrylyl  chloride  with  p-cyanophenol 
analogously  to  other  similar  syntheses  of  aryl  methacrylates  [4]. 

Along  with  the  indicated  cyano-substituted  esters,  we  synthesized  the  previously  undescribed  cyano-substituted 
methylamide  of  methacrylic  acid  CH2=  C(CH3)CONHCHjCN,  by  the  reaction  of  methacrylyl  chloride  with  free 
aminoacetonitrile  in  acetone,  as  well  as  derivatives  of  a-cyanoacrylic  acid,  specifically  its  nitrile  —  vinylidene- 
cyanide  —  and  the  methyl  ester. 

Vinylidene  cyanide  was  prepared  by  us  by  the  method  described  in  the  literature  [5],  with  the  initial  1, 1,3,3- 
-tetracyanopropane  being  prepared  according  to  [6].  However  we  met  with  considerable  difficulties  in  the  course 
of  realization  of  these  syntheses. 

In  connection  with  this,  we  altered  somewhat  the  procedures  which  were  recommended  in  the  literature. 

The  literature  data  on  the  esters  of  a-cyanoacrylic  acid  are  quite  limited.  The  preparation  and  the  pro¬ 
perties  of  methyl  and  other  esters  of  a-cyanoacrylic  acid  are  described  only  briefly  in  patents  [7]. 

We  prepared  methyl  a -cyanoacrylate  by  means  of  both  methods  indicated  in  the  patents,  starting  in  one  case 
with  methyl  cyanoacetate  and  chloromethyl  acetate,  in  the  other  with  methyl  cyanoacetate  and  formaldehyde. 

NaCH(CN)COOR  CH3COOCH2CH(CN)COOR 

— >  CH2=-C(CN)C00R, 

CH2(CN)C00R  CH2=C(CN)C00R-4  HgO 

In  working  by  both  methods  we  obtained,  despite  the  indications  of  the  first  patent,  not  the  monomeric 
methyl  a -cyanoacrylate  but  a  semisolid  partly  polymerized  product.  For  preparation  of  the  monomeric  ester  we 
subjected  this  to  depolymerization  by  heating  in  the  presence  of  phosphorus  pentoxide.  The  second  method  was 
more  simple  and  conveneint,  yielding  also  the  better  yields  of  methyl  a -cyanoacrylate. 


2329 


EXPERIMENTAL 


1.  g-Cyanoethyl  methacrylate,  a)  To  a  solution  of  35  g  of  sodium  cyanide  (90%)  in  70  ml  of  water  there 
was  added  at  6-15*  with  stirring  30  g  of  acetaldehyde  followed  by  90  g  of  methacrylyl  chloride.  After  this  the 
mixture  was  stirred  for  one  hour  longer  without  cooling.  The  oily  layer  was  extracted  with  ether,  the  extract  washed 
with  a  solution  of  sodium  carbonate,  3%  solution  of  hydrochloric  acid  and  3%  solution  of  sodium  bicarbonate,  after 
vrtiich  it  was  dried  over  calcium  chloride.  After  distillation  of  ether,  the  product,  inhibited  with  phenyl -0 -naphthyl - 
amine,  was  distilled  In  vacuum.  There  was  obtained  63  g  (66%  on  acetaldehyde)  of  a-cyanoethyl  methacrylate. 

B.p.  78-80*  at  12  mm,  d*®4  1.0064,  n*®D  1,4329.  MRp  35.88;  calc.  35.48. 

Found  %;  C  59.24.  58.95;  H  6.93,  6.96;  N  10.05,  9.85.  C^jOiN.  Calculated  %:  C  60.4;  H  6.47;  N  10.0. 

b)  A  mixture  of  24  g  of  acetaldehyde  cyanohydrin  [8],  40  g  of  methacrylyl  chloride  and  0.1  g  of  hydroquinone 
was  kept  at  gentle  reflux  for  one  hour  and  after  cooling  to  room  temperature  during  1.5  hours,  was  distilled  in  va  - 
cuum.  The  fraction  with  b.p.  60-100*  at  10  mm  was  washed  with  a  saturated  solution  of  sodium  chloride,  dissolved 
in  ether  and  the  solution  was  dried  over  calcium  chloride.  After  distillation  there  was  obtained  16.4  g  of  a-cyano- 
ethyl  methacrylate  with  b.p.  63-64*  at  8  mm;  d*®4  1.0065;  n*®D  1.4327.  The  yield  was  35%  calculated  on  acetal¬ 
dehyde  cyanohydrin. 

2.  g-Cyanobenzyl  methacrylate.  The  synthesis  was  run  by  the  method  described  in  1  a.  From  the  solution 
of  31.7  g  of  sodium  cyanide  (100%)  in  70  ml  of  water,  70  g  of  benzaldehyde  and  86  g  of  freshly  distilled  metha¬ 
crylyl  chloride  there  was  obtained  69.4  g  (52%  on  benzaldehyde)  of  ot-cya nobenzyl  methacrylate. 

b.p.  123-125*  at  1  mm,  d*®4  1.1057,  n”D  1.5170,  MRj)  54.99;  calc,  54.97. 

Found  %:  C  71.70,  71.57;  H  5.22,  5.28;  N  7.75,  7.50.  CuHuOjN.  Calculated  %;  C  71.64;  H  5.47; 

N  6.96. 

3.  a -Cy  a  noisopropyl  methacrylate.  A  mixture  of  35  g  of  acetone  cyanohydrin,  50  g  of  methacrylyl  chloride 
and  0.3  g  of  hydroquinone  was  kept  at  gentle  reflux  for  one  hour  and  then  worked  up  as  in  experiment  lb. 

There  was  obtained  29.6  g  of  a-cyanoisopropyl  methacrylate  (58%  on  acetone  cyanohydrin). 

B.p.  85-86*  at  9  mm,  d”4  0.9904,  n*®D  1,4330,  MRjj  40.15;  calc.  40.10. 

According  to  data  [3]:  b.p.  72-73"  at  4  mm,  n*®D  1.4305. 

4.  6-C>'anoethyl  methacrylate.  A  mixture  of  36  g  of  ethylene  cyanohydrin,  60  g  of  methacrylyl  chloride 
and  0.1  g  of  hydroquinone  was  heated  at  90*  for  30  minutes  after  which  it  was  subjected  to  vacuum  distillation. 

There  were  collected  two  fractions:  1st  up  to  95*  at  3  mm,  9.6  g ,  and  2nd  b.p.  96-105*  at  3  mm,  47  g.  After  the 
second  distillation  of  the  second  fraction  there  was  obtained  41.3  g  (58%  on  ethylene  cyanohydrin)  of  6-cyano- 
ethyl  methacrylate. 

B.  p.  95-97*  at  2  mm,  d*®4  1.0498,  n*®D  1.4454  (according  to  data  [3]:  b.p.  100*  at  2  mm);  MRp  35.2, 
calc.  35.4. 

Found  %;  N  9.46,  9.67,  C^HjO^N.  Calculated  %:  N  10.00. 

5.  p-Cyanophenyl  methacrylate.  To  a  mixture  of  6  g  of  p-cyanophenol,  8  g  of  sodium  carbonate,  0.5  g  of 
cuprous  chloride,  25  g  of  isopropyl  ether,  there  was  added  with  energetic  stirring  over  15  minutes  6.5  g  of  metha¬ 
crylyl  chloride.  Then  the  mixture  was  heated  for  four  hours  at  65*,  allowed  to  settle  and  was  filtered.  The  ethereal 
solution  was  washed  with  water  until  it  became  colorless  and  was  then  dried  over  calcium  chloride.  After  evapora¬ 
tion  of  the  ether  in  vacuum  there  was  obtained  3.3  g  of  p-cyanophenyl  methacrylate  (yield  35%  based  on  the  phenol); 
needles  from  ethyl  alcohol  (1.8  g)  with  m.p.  82-83*. 

Found  %:  C  71.72,  71.92;  H  5.70,  6.11;  N  7.15,  7.26.  CuHsOjN,  Calculated  %;  C  70.6;  H  4.8;  N  7.4. 

p-Cyanophenol  was  prepared  by  a  modified  method  of  Sandmeyer,  used  for  the  preparation  of  2-fluoro-4- 
-cyanophenol  [9].  From  39  g  of  p-aminophenol  there  was  obtained  19  g  of  crystalline  p-cyanophenol.  For  its 
purification,  the  product  was  distilled  twice  in  vacuum  (b.p.  161-162*  at  6  mm).  The  distilled  p-cyanophenol 
(14.8  g)  had  m.p.  113*. 
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6.  Methacrylamidoacetonitrile.  To  a  mixture  of  29  g  of  aminoacetonitrile  [10]  and  116  g  of  dry  acetone 
there  was  added  at  0-3"  with  stirring  27  g  of  methacrylyl  chloride,  after  which  the  mixture  was  stirred  at  room 
temperature  for  half  an  hour  longer.  The  precipitated  hydrochloride  of  aminoacetonitrile  was  filtered  off  and 
washed  with  dry  acetone. 

The  crystalline  product  remaining  after  evaporation  of  acetone  was  subjected  to  a  vacuum  distillation  after 
addition  of  cuprous  chloride.  There  was  obtained  17  g  of  methacrylamidoacetonitrile  with  b.p.  165-167*  at  3  mm 
and  m.p.  32-34".  The  yield  was  53%  based  on  the  chloride. 

Found  %i  C  58.5,  58.1;  H  6.4,  6.6;  N  21.9,  21.6.  CgHgONj  ,  Calculated  %:  C  58.1;  H  6.4;  N  22.5. 

7.  Vinylidene  cyanide.  *  For  the  preparation  of  1, 1,3,3 -tetracyanopropane,  50  g  of  freshly  distilled  malono- 
nitrile  was  dissolved  in  250  ml  of  ethyl  alcohol  and  to  the  resulting  solution  was  added  29  g  of  40%  solution  of 
formaldehyde.  The  mixture  was  allowed  to  stand  at  room  temperature  for  one  day  or  two  days  depending  on  the 
rate  of  precipitation  of  crystals.  Then  the  crystals  were  filtered  off,  washed  with  N  solution  of  sulfuric  acid,  wtih 
water  anH  alcohol,  and  were  dried  in  air.  The  final  drying  of  the  crystals  was  done  in  vacuum  of  5  mm  at  100- 
105",  The  yield  was  47.5  g  (52.6%);  the  substance  melts  at  130-135"  to  a  transparent  fluid. 

The  thus  prepared  1, 1,3,3 -tetracyanopropane  was  subjected  to  pyrolysis  without  further  purification.  The 
pyrolysis  of  1,1, 3, 3 -tetracyanopropane  was  run  in  the  presence  of  phosphorus  pentoxide  at  180-185"  at  15  mm.  A 
Wurtz  flask  with  a  wide  take-off  tube,  hich  was  bent  and  connected  to  a  receiver  which  was  cooled  with  ice  and 
salt,  was  used  for  the  pyrolysis.  The  vacuum  pump  was  connected  to  the  receiver  through  a  calcium  chloride  tube. 
The  flask  with  the  original  1,1,3, 3-tetracyanopropane  was  heated  on  an  oil  bath  at  180-185"  and  maintained  at 
this  temperature  and  15  mm  pressure  for  two  hours.  A  small  amount  of  phosphorus  pentoxide  was  placed  into  the 
receiver,  the  take-off  tube  and  among  the  starting  1,1,3, 3-tetracyanopropane  crystals.  From  10  g  of  the  charged 
1,1, 3, 3-tetracyanopropane  there  was  obtained  8-9  g  of  the  pyrolysis  products.  After  distillation  of  the  pyrolyzate 
there  collected  in  the  receiver  some  5  g  of  a  fraction  which  boiled  up  to  70"  at  10  mm.  After  two  distillations 
of  this  fraction  there  was  obtained  4  g  of  vinylidene  cyanide  with  b.p.  50"  at  10  mm  (according  to  data  [5],  b.p. 
50.5*  at  10  mm). 

8.  Methyl  a -cyanoacrylate,  a)  To  112  ml  of  anhydrous  methanol  there  was  added  with  stirring  9  g  of  finely 
cut  metallic  sodium,  followed  by  40  g  of  methyl  cyanoacetate.  The  mixture  was  heated  for  1.5  hours  on  a  boiling 
water  bath.  The,  at  the  temperature  of  from  ~5"  to  +  2"  and  with  stirring,  there  was  added  a  mixture  of  46  g  of 
chloromethyl  acetate  [11]  and  12  ml  of  anhydrous  methanol,  after  which  the  stirring  was  continued  for  half  an  hour 
at  room  temperature. 

Methyl  alcohol  was  distilled  in  vacuum  and  the  remaining  residue  was  shaken  for  two  hours  with  280  ml  of 
water.  The  aqueous  layer  was  separated  and  the  semisolid  residue  was  dissolved  in  acetone.  The  solution  was  dried 
with  sodium  sulfate  and  acetone  was  distilled  in  vacuum.  To  the  residue  there  was  added  1-2  g  of  phosphoms  pent¬ 
oxide,  after  which  the  product  was  subjected  to  a  vacuum  distillation,  for  which  a  small  amount  of  phosphoms  pent¬ 
oxide  was  placed  in  the  condenser  and  the  receiver. 

There  was  obtained  8.6  g  (19.2%  calculated  on  the  initial  methyl  cyanoacetate)  of  methyl  a -cyanoacrylate. 

B.  p.  47-48*  at  2  mm,  d*®4  1.1012,  n^D  1.4430.  MR^  26.72;  calculated  26.24. 

Found  %;  C  53.22,  53.40;  H  4.57,  4.92;  N  12.74;  12.57.  CgH^jjN.  Calculated  %:  C  54.05;  H  4.50; 

N  12.6. 

b)  To  20.5  g  of  37%  solution  of  formaldehyde  there  was  added  3  drops  of  piperidine  after  which  28  g  of 
methyl  cyanoacetate  was  added  at  20-40"  with  stirring.  The  mixture  was  stirred  at  80*  for  one  hour  longer. 

After  cooling,  the  aqueous  layer  was  separated  and  the  polymerized  product  was  dissolved  in  acetone  and 
worked  up  as  in  experiment  a^.  There  was  obtained  12.3  g  (39%  on  methyl  cyanoacetate)  of  methyl  a -cyano¬ 
acrylate  with  b.p.  46-47"  at  1  mm,  n^®D  1.4430. 


SUMMARY 

A  detailed  description  is  given  for  the  methods  of  synthesis  and  the  properties  of  a-cyanoethyl  methacrylate, 
•Done  by  I.  N.  Bellaeva. 
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fl-cyanoethyl  methacrylate,  a-cyanolsopropyl  methacrylate,  a-cyanobenzyl  methacrylate,  p-cyanophenyl  metha¬ 
crylate,  methacrylamidoacetonltrile,  vinylidene  cyanide  and  methyl  a -cyanoacrylate,  of  which  a-cyanoethyl 
methacrylate,  a-cyanobenzyl  methacrylate,  p-cyanophenyl  methacrylate  and  methacrylamidoacetonltrile  were 
prepared  and  described  for  ±e  first  time. 
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REACTION  OF  NITROGEN  TETROXIDE  WITH  ORGANIC  COMPOUNDS 

I.  A  STUDY  OF  CONDITIONS  OF  REACTION  OF  NITROGEN  TETROXIDE  WITH  BENZALDOXIME. 

COMPOSITION  OF  PRODUCTS  AND  REACTION  EQUATION. 

O 

S.  S.  Novikov,  L.  I.  Khmel'nitskli  and  O.  V.  Lebedev 

The  reaction  of  nitrogen  tetroxide  with  aromatic  aldoximes,  discovered  by  Ponzio  in  1906  [1],  is  to  this  day 
one  of  the  important  methods  of  introduction  of  two  nitro  groups  into  a  methyl  side  chain  of  various  aromatic  com¬ 
pounds  [2-5]. 

ArCH^NOH  ArCH(N02)2 

It  follows  from  Ponzio’s  work  that  an  excess  of  nitrogen  tetroxide  has  a  material  significance  in  the  reaction. 

At  molar  ratio  of  nitrogen  tetroxide  and  benzaldoxime  of  1  ;  1  there  occurs  a  considerable  development  of  the 
side  reactions  with  formation  of  benzaldoxime  peroxide,  3,4-diirfienylfuroxane  (so-called  di|rfienylglyoxime  per¬ 
oxide)  and  benzaldehyde;  phenyldinitromethane  is  formed  in  a  33^  yield.  With  double  amount  of  nitrogen  tetrox¬ 
ide  the  yield  of  j^enyldinitromethane  is  raised  to  49.5%  and  only  benzaldehyde  is  formed  amoung  the  byproducts.* 

If  one  takes  0.5  mole  of  nitrogen  tetroxide  per  1  mole  of  aldoxime,  the  reaction  proceeds  in  the  direction  of  form¬ 
ation  of  nitrollc  acid  [4]. 

The  degree  of  development  of  side  reactions  depends  also  on  the  structure  of  the  aldoximes  themselves.  For 
example,  anisaldoxime  and  piperonaldoxime  give  good  yields  of  the  corresponding  gem-dinitro  derivatives  with 
only  equimolar  amount  of  nitrogen  tetroxide,  while  only  aldehydes  are  formed  among  the  byproducts  [2,  3].  On 
the  other  hand,  o-,  p-nitro-  and  o,p-dinitrobenzaldoximes  yield  the  corresponding  nitroaryldinltromethanes  in  but 
negligible  amounts  [5]. 

We  decided  to  study  systematically  the  reaction  of  nitrogen  tetroxide  with  benzaldoxime.  We  studied  the 
effect  of  the  molar  ratio,  concentration  and  the  mode  of  mixing  the  reactants,  as  well  as  the  nature  of  the  solvent, 
on  the  course  of  the  reaction. 

Among  all  the  solvents  used  by  us,  except  ether  and  dioxane,  the  maximum  yield  of  phenyldinitromethane 
was  reached  at  the  molar  ratio  of  reactants  that  was  close  to  unity  (Fig,  1).  In  case  of  ether,  the  maximum  is  shifted 
toward  the  double  amount  of  nitrogen  tetroxide,  which  fact  agrees  with  Ponzio's  observations.  In  running  the  reac¬ 
tion  in  dioxane  one  reaches  high  yields  at  the  molar  ratio  of  nitrogen  tetroxide  to  benzaldoxime  of  4  ;  1  and  higher. 

This  shift  of  the  maximum  yield  of  phenyldinitromethane  is  explained  evidently  by  the  fact  that  both  ether 
and  dioxane  react  with  nitrogen  tetroxide  forming  complexes  N2O4  •  2(C2H5)20  and  N2O4  •  C)(CH2CH2)20  [6]. 

The  yield  of  phenyldinitromethane  drops  sharply  after  a  decrease  of  the  optimum  amount  of  nitrogen  tetroxide; 
thus  at  only  0,5  mole  of  nitrogen  tetroxide  per  1  mole  of  the  oxime,  phenyldinitromethane  is  practically  not  formed 
at  all  and  much  3,4-diphenylfuroxane  is  obtained. 

The  maximum  yield  of  phenyldinitromethane  (about  43%)  is  attained  with  concentrations  of  about  5  g  of  the 
oxime  per  100  ml  of  the  solvent  (ether  or  benzene).  At  higher  concentrations  the  yield  declines  noticeably,  but 
it  is  changed  but  little  by  further  dilution  (Fig.  2). 

•  In  Ponzio's  papers  all  the  indicated  yields  were  calculated  incorrectly  (too  high  values  are  given).  Here  we 
supply  the  corrected  figures. 
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The  yield  of  phenyldinitromethane  also  depends  on  the  nature  of  the  solvent,  which  fact  Is  evident  in  Fig.  1. 

With  excess  of  nitrogen  tetroxide  over  the  optimum  amount,  the  yield  of  phenyldinitromethane  is  lowered 
slightly  in  ether  and  dioxane.  In  other  solvents,  for  example  in  carbon  tetrachloride,  the  harmful  effect  of  excess 
nitrogen  tetroxide  on  the  yield  of  phenyldinitromethane  can  be  weakened  noticeably  by  dilution  (see  curves  2  and 
11  in  Fig.  1). 

Benzaldehyde  is  formed  almost  exclusively  (88-93%)  if  the  reaction  is  run  in  the  absence  of  a  solvent.  The 
solvent  must  be  dry,  since  in  the  presence  of  water  there  occurs  the  development  of  side  reactions,  mainly  the 
formation  of  3,4-diphenylfuroxane.  The  order  and  the  method  of  mixing  of  the  reactants  also  produce  a  material 
effect  on  the  yield  of  phenyldinitromethane.  It  is  best  to  pour  the  entire  amount  of  nitrogen  tetroxide  into  the 
oxime  solution  in  one  portion. 

40 

^  !0 
a 
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4)  20 
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per  100  ml  solvent 

Fig.  2.  Curves  of  dependence 
of  yields  of  |Aienyldinitro- 
methane  on  concentration  of 
reactants  in  ether  (1)  and  in 
benzene  (2),  with  molar  ratio 
of  nitrogen  tetroxide  and  benzald- 
oxlme  being  2 : 1  in  ether  and 
1.2  :  1  in  benzene. 

Thus,  it  appeared  that  it  is  possible  to  raise  the  yield  of  phenyldinitromethane  in  the  reaction  of  nitrogen 
tetroxide  with  benzaldoxime,  with  ice  cooling,  only  to  43%  by  alteration  of  ±e  proportion,  the  concentration 
and  the  mode  of  mixing  of  the  reactants,  as  well  as  by  alteration  of  the  nature  of  the  solvent.* 

We  decided  to  establish  the  qualitative  and  the  quantitative  composition  of  all  reaction  products  and  the 
variation  of  this  composition  in  its  dependence  on  the  ratio  of  reactants  and  the  presence  of  a  solvent,  in  order  to 
study  this  reaction  more  exhaustively. 

The  results  of  tfie  experiments  are  shown  in  Table  1  and  are  summarized  thus.** 

1.  With  molar  ratio  of  nitrogen  tetroxide  and  benzaldoxime  close  to  unity  and  greater  than  unity,  the  re¬ 
action  in  a  solvent  proceeds  with  formation  of  only  phenyldinitromethane  and  benzaldehyde  (total  yield  of  97%). 

2.  With  molar  ratio  of  reactants  being  0.5  ;  1,  the  reaction  in  a  solvent  proceeds  mainly  with  the  formation 
of  3,4-dlphenylfuroxane  (46%)  and  only  to  an  insignificant  degree  with  formation  of  phenyldinitromethane  (4%) 
and  benzaldehyde  (9%). 


*The  yield  of  49.5%,  which  was  obtained  in  mnning  the  reaction  in  ether  [1],  was  attained  also  by  us  if  we  treated 
the  ethereal  solution  according  to  Ponzlo,  l.e.,  with  a  solution  of  base.  However,  the  product  obtained  in  this 
manner  contained  noticeable  amounts  of  admixtures  and  melted  at  65-70*,  while  after  the  extraction  of  phenyldinitro¬ 
methane  from  the  reaction  mixture  with  bicarbonate  solution  the  product  is  obtained  directly  in  very  pure  state  with 
m.p.  78*. 

**  Each  experiment  was  repeated  2-3  times.  In  Table  1  there  are  given  the  mean  values  from  each  series  of  ex¬ 
periments. 


Number  g-moles  N2O4  per  1  mole  oxime 


Fig.  1.  Ratio  of  reactants  in  various  solvents  (curves  1-9 
correspond  to  5  g  of  oxime  in  50  ml  of  solvent,  10  and 
11  to  5  g  of  oxime  in  100  ml  of  solvent);  in  ether  (1),  car¬ 
bon  tetrachloride  (2),  benzene  (3),  chlorobenzene  (4),  di¬ 
oxane  (5),  chloroform  (6),  petroleum  ether  (b.p.  45-55*) 
(7),  1,2-dichloroethane  (8),  nitrobenzene  (9),  ether  (10), 
and  carbon  tetrachloride  (11). 
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3.  In  running  the  reaction  without  a  solvent  one  forms  the  aldehyde  almost  quantitatively  (93%), 

4.  The  gaseous  reaction  products  consist  practically  only  of  nitrogen  and  NO,  in  addition  to  the  unreacted 
nitrogen  tetroxide. 

One  of  the  important  new  results  of  our  experiments,  in  comparison  with  the  previous  work,  is  the  establish¬ 
ment  of  the  fact  that  some  nitrogen  is  evolved  in  the  reaction  of  nitrogen  tetroxide  with  benzaldoxime. 


TABLE  1 

Composition  of  Reaction  Products  of  NJO4  with  Benzaldoxime  (in  grams) 


No. 

of 

Taken,  number 
of  grams  of 

Reaction  products^ 

N2O4 

exp. 

N2O4  for  the 
reaction  with 
5.00  g  of 
benzaldoxime 

CCI4 
(in  ml) 

Nj 

NO 

C4H[5CH(NOj)j 

CeHgCHO 

unreacted 

reacted 

1 

4.59 

50 

0.32 

1.29 

2.47 

2.80 

0.88 

3.71 

2 

8.87 

50 

0.30 

2.12 

1.57 

3.35 

2.50 

6.33 

3^^ 

1.94 

50 

0.22 

0.11 

0.31 

0.40 

0 

1.94 

4 

3.98 

Without 

solvent 

0.18 

1.97 

0 

3.20 

0.33 

3.65 

5 

9.02 

Ditto 

0.16 

2.67 

0.10 

4.10 

2.49 

6.53 

•  In  addition  to  this,  in  all  experiments  there  was  formed  about  2.6  g  of  nitric  acid  (1  mole  per  1  mole 
of  benzaldoxime ). 

••In  experiment  3,  in  addition  to  the  listed  reaction  products,  there  was  formed  2.22  g  of  3,4-dii*enyl- 
furoxane  (0.23  mole  per  mole  of  oxime)  and  0.21  g  of  white  powder  and  1.7  g  of  an  oil,  whose  nature 
was  unknown. 


The  data  from  our  experiments  (Table  1)  permit  us  to  set  up  the  equations  which  reflect  the  final  results  of 
the  reaction  both  in  the  direction  of  formation  of  phenyldinitromethane  and  in  the  direction  of  formation  of  benzal- 
dehyde. 


4C6H5CH=N0H  -4-  7N2O4-4C0H5CH(NO2)2  -h  4HNO3  -4-  4NO  -t-  N2 
4C6H5CH=N0H  h-  5N204=4CeH5CH0  -4-'4HN03  -4-  8NO  -+■  N2 

The  following  considerations  lie  in  the  formulation  of  these  equations. 

1.  From  each  molecule  of  benzaldoxime  there  is  formed  either  a  molecule  of  phenyldinitromethane  or  a 
molecule  of  benzaldehyde,  since  their  combined  yield  is  not  under  97%  (Experiments  1  and  2). 

2.  Nitrogen  is  evolved  during  the  reaction  in  a  rather  constant  amount:  In  experiments  1-3  there  was  formed 
0.19-0.28  moles  per  1  mole  of  the  original  oxime,  i.e.,  about  0.25  mole.  Hence  we  obtained  the  corresponding 
coefficient  for  nitrogen  in  both  equations. 

3.  In  experiment  5  the  reaction  proceeded  almost  completely  to  form  benzaldehyde;  the  yield  was  93% 
(yield  of  phenyldinitromethane  was  1%).  There  was  evolved  2  moles  of  NO  per  1  mole  of  aldehyde,  or  what  is 
the  same  thing,  per  1  mole  of  the  original  oxime.  From  this  we  obtained  the  coefficient  for  NO  for  Equation  (2). 

In  Experiment  2  there  was  formed,  per  1  mole  of  oxime,  0.76  mole  of  aldehyde,  which,  according  to  Equa¬ 
tion  (2)  should  be  accompanied  by  the  evolution  of  0.76  •  2  =  1.52  moles  of  NO.  There  was  actually  evolved 
1.71  moles  of  NO,  i.e.,  with  excess  of  0.19  mole.  This  excess  must  be  evidently  related  to  the  reaction  of  form¬ 
ation  of  phenyldinitromethane,  which  was  isolated  in  the  amount  of  0.21  mole.  Consequently,  per  1  mole  of  the 
formed  phenyldinitromethane  there  is  evolved  1  mole  of  NO.  Hence  we  obtained  the  coefficient  for  NO  for  Equa¬ 
tion  (1). 


(1) 

(2) 
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4.  The  hydrogen  atom  of  the  oxime  group  should  be,  in  both  cases,  taking  part  in  the  formation  of  the  mole- 
j  cule  of  nitric  acid  since  the  other  possible  inorganic  products  (HjO  and  HNO2)  formed  with  its  participation,  will 

in  the  final  result  pass  into  nitric  acid.  Then  per  1  mole  of  the  oxime  there  should  form  1  mole  of  nitric  acid. 

We  proved  the  presence  of  nitric  acid  in  the  reaction  mixture  in  a  qualitative  manner.  The  quantitative  de¬ 
termination  of  nitric  acid  in  the  presence  of  residues  of  unreacted  nitrogen  tetroxide  is  difficult. 

An  indirect  confirmation  of  the  direct  formation  of  nitric  acid  Is  the  reaction  of  nitrogen  tetroxide  with  the 
sodium  salt  of  benzaldoxlme  which  also  leads  to  the  formation  of  phenyldinitromethane,  while  sodium  nitrate  is 
formed  in  95*70  yield,  with  an  insignificant  admixture  of  sodium  nitrite  (a  weak  qualitative  test).  If  sodium  nitrite 
were  the  primary  reaction  product,  it  would  not  have  changed  further  under  the  action  of  nitrogen  tetroxide  (the 
stability  of  sodium  nitrite  in  respect  to  nitrogen  tetroxide  was  established  by  a  separate  experiment). 

The  correctness  of  the  deduced  equations  is  confirmed  also  by  Experiment  4.  In  this  experiment  nitrogen 
tetroxide  was  taken  in  smaller  amount  tlian  required  by  Equation  (2);  this  explains  the  lowered  yield  of  benzalde- 
hyde  (73%).  In  calculation  with  Equation  (2)  this  amount  of  aldehyde  corresponds  to  0.93  mole  of  reacted  nitrogen 
tetroxide,  0.18  mole  of  evolved  nitrogen  and  1.46  moles  of  evolved  NO,  According  to  data  from  Experiment  4, 
there  took  part  in  the  reaction  0.96  mole  of  nitrogen  tetroxide  and  there  was  evolved  0.16  mole  of  nitrogen  and 
1.59  moles  of  NO, 

Let  us  consider  the  other  attempts,  described  in  the  literature,  to  explain  the  course  of  the  reaction  of  nitro¬ 
gen  tetroxide  with  benzaldoxlme. 

Fieser  and  Doering  [5]  in  1946  proposed  an  equation  for  the  formation  of  phenyldinitromethane  which  failed 
to  consider  the  reaction  of  water  with  excess  nitrogen  tetroxide  and  which  did  not  reflect  the  fact  of  evolution  of 
nitrogen.  A.  I.  Titov  in  constructing  die  scheme  for  the  course  of  this  reaction  started  with  the  radical  mechanism 
of  nitration  of  hydrocarbons  by  nitrogen  oxides,  developed  by  him  [7,  8].  The  scheme  of  A.  I,  Titov  does  explain 
the  formation  of  phenyldinitromethane,  but  does  not  explain  that  of  benzaldehyde. 

Besides  this,  the  oxime  group  is  replaced  by  two  nitro  groups  by  the  action  of  nitrogen  tetroxide  not  only  in 
aldoximes  but  also  in  ketoximes  of  the  aromatic  series,  which  fact  is  difficult  to  explain  by  Titov’s  scheme  since 
there  is  no  hydrogen  in  such  ketoximes  —  the  hydrogen  which  by  cleavage  could  form  a  radical  which  lies  in  the 
origination  of  the  dinitro  derivative  in  this  reaction  scheme.  Finally  in  Titov’s  scheme  there  is  the  absence  of  free 
nitrogen,  whose  formation  has  been  accounted  for  in  our  experiments. 

Our  data  are  still  insufficient  to  make  a  definite  conclusion  about  the  reaction  mechanism.  However  the  fact 
diat  nitrogen  is  evolved  in  a  rather  constant  amount  under  different  conditions  of  the  experiments  (Table  1,  Ex¬ 
periments  1-3)  permits  us  to  suppose  that  the  reaction  beginsat  the  same  stage  which  is  accompanied  by  evolution 
of  nitrogen.  After  this  stage  there  are  developed  the  secondary  reactions  which  lead  to  the  formation  of  the  various 
end  products  .depending  on  the  experimental  conditions. 

EXPERIMENTAL 

The  commercial  nitrogen  tetroxide  was  purified  by  distillation  from  phosphoric  anhydride  in  a  stream  of 
oxygen.  Benzaldoxlme  was  prepared  from  benzaldehyde  and  hydroxylamine  according  to  Beckmann  [9],  We  took 
5  or  20  g  of  benzaldoxlme  for  all  experiments,  using  dry  solvents. 

Action  of  nitrogen  tetroxide  on  benzaldoxlme  in  a  solvent.  To  an  ice -cooled  solution  of  benzaldoxlme  in 
an  organic  solvent  there  was  added  liquid  nitrogen  tetroxide,  all  at  once.  The  solution  turned  green  after  one 
minute  and  began  to  evolve  gas  bubbles.  The  solution  foamed  and  warmed  up  noticeably.  The  reaction  was  com¬ 
pleted  after  a  few  minutes  and  the  color  of  the  reaction  mixture  became  brown.  Then*  the  reaction  mixture  was 
washed  twice  with  water  and  treated  several  times  with  10%  solution  of  sodium  bicarbonate.  From  the  bicarbonate 
extracts  we  precipitated  the  phenyldinitromethane  by  means  of  10%  sulfuric  acid.  The  precipitate  was  filtered 
off  by  suction  and  the  solid  was  washed  with  water  and  then  dried  in  air. 

After  the  isolation  of  phenyldinitromethane  the  reaction  mixture  was  shaken  with  an  alkaline  solution  of 


•Ponzio,  after  completion  of  the  reaction,  kept  the  reaction  mixture  for  one  hour  at  room  temperature;  however, 
our  experiments  showed  that  the  yield  is  not  decreased  by  omission  of  the  holding  period. 
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hydroxylamine  and  the  benjsaldehyde  was  converted  to  the  oxime,  passing  into  the  aqueous  layer  in  the  form  of  its 
sodium  salt.  The  latter  was  decomposed  with  carbon  dioxide,  the  oxime  was  extracted  with  carbon  tetrachloride, 
the  extract  was  dried  with  anhydrous  sodium  sulfate  and  evaporated  at  room  temperature;  the  residual  oxime  was 
weighed. 

In  the  experiment  mn  with  0.5  mole  of  nitrogen  tetroxide  per  1  mole  of  benzaldoxime,  there  formed  a  pre¬ 
cipitate.  After  washing  this  precipitate  with  alkali,  the  insoluble  portion  was  identified  by  mixed  melting  point 
with  authentic  benzaldoxime  peroxide  (m.p.  105*).  After  extraction  of  phenyldinitromethane  and  benzaldehyde, 
the  reaction  mixture  was  washed  with  water,  dried  with  anhydrous  sodium  sulfate  and  evaporated  in  the  cold.  The 
resulting  crystals  were  those  of  3,4-diphenylfuroxane;  m.p.  115*  (from  alcohol);  yield  -45.3%  (according  to  [1], 
m.p.  115*). 

Found  %:  C  70.40,  70.26;  H  4.31,  4.32;  N  11.94,  11.84.  C14H10O2N,.  Calculated  %:  C  70.58;  H  4.23; 

N  11.76. 


Fig.  3.  Apparatus  for  collection  of  gaseous  prod¬ 
ucts  of  the  reaction  of  nitrogen  tetroxide  with 
benzaldoxime. 

A)  Reaction  flask;  Bj,  B3)  absorbers  with  50% 
solution  of  potassium  iodide;  C)  gasometer  with 
a  strong  solution  of  table  salt;  D)  absorber  with 
50%  solution  of  potassium  hydroxide;  a)  a  cock 
for  admission  of  carbon  dioxide;  b)  a  three-way 
stopcock. 


Action  of  nitrogen  tetroxide  on  benzaldoxime  with¬ 
out  a  solvent.  Three  and  a  half  g  of  benzaldoxime  cooled 
with  ice  and  salt  to  —10"  was  added  with  stirring,  drop- 
wise,  to  6.6  g  of  nitrogen  tetroxide  (2.5  moles  of  nitro-  • 
gen  tetroxide  per  1  mole  of  oxime).  The  reaction  was 
accompanied  by  an  energetic  evolution  of  nitrogen  oxides 
and  heat. 

Then  the  green  mixture  was  treated  with  water  and 
a  solution  of  sodium  carbonate.  The  oily  layer  was  se¬ 
parated  and  distilled.  There  was  obtained  2,7  g  of  benzal¬ 
dehyde  with  b.p,  178-179*.  The  yield  was  88%.  Benzal¬ 
dehyde  phenylhydrazone,  m.p.  158*.  The  mixed  melting 
point  with  authentic  benzaldehyde  phenylhydrazone  gave 
no  depression. 

The  quantitative  determination  of  benzaldehyde  was 
mn  by  treatment  of  the  reaction  mixture  with  alkaline 
solution  of  hydroxylamine  with  a  subsequent  isolation  of 
the  oxime  by  means  of  a  stream  of  carbon  dioxide. 


Action  of  nitrogentetroxide  on  sodium  salt  of 
benzaldoxime.  Sodium  salt  of  benzaldoxime  was  pre¬ 
pared  by  the  action  of  sodium  ethoxide  on  benzaldoxime  in  a  mixture  of  alcohol  and  petroleum  ether;  the  product 
was  dried  at  100*  in  vacuum  in  an  air  stream  which  was  freed  of  moisture  and  carbon  dioxide.  The  yield  was  60%. 


Found  %:  Na  16.0,  C7H5pNNa.  Calculated  %i  Na  16.07. 

To  a  suspension  of  5.9  g  of  sodium  salt  of  benzaldoxime  in  50  ml  of  dry  carbon  tetrachloride,  cooled  with 
ice,  there  was  added  with  stirring  7.6  g  of  nitrogen  tetroxide  (2  moles  of  nitrogen  tetroxide  per  mole  of  the  salt), 
A  vigorous  evolution  of  gases  took  place  and  a  mild  heat  evolution. 

The  precipitate  was  filtered  off,  washed  with  carbon  tetrachloride  and  dried.  The  qualitative  test  for  the 
nitrite  Ion  (with  2-naphthol  and  sulfanilic  acid)  was  very  weak  while  that  for  the  nitrate  ion  (with  diphenylamine) 
was  positive.  The  yield  of  sodium  nitrate  was  3.30  g  (95%). 


Found  %:  Na  26.9,  27.0,  NaNOs,  Calculated  %;  Na  27,05. 

The  filtrate  was  washed  with  water  and  extracted  with  10% solution  of  sodium  bicarbonate.  By  acidification 
of  the  extract  with  10%  sulfuric  acid  there  was  isolated  1.79  g  (24%)  of  phenyldinitromethane  with  m.p.  78". 

Analysis  of  gases.  For  collection  and  study  of  all  the  reaction  products,  the  operations  were  performed  in  a 
closed  flask  with  an  outlet  tube  through  which  the  gases  were  led  into  a  system  of  absorbers  and  were  collected  in 
a  gasometer.  The  scheme  of  the  apparatus  is  shown  in  Fig.  3. 

A  50%  solution  of  potassium  iodide  is  placed  in  absorbers  Bj,  B2  and  Bs  for  absorption  of  nitrogen  dioxide. 
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The  gasometer  C  with  a  strong  solution  of  table  salt  serves  for  the  collection  of  the  gases  which  are  not  retained 
In  the  absorbers  Bj,  Bj  and  Bs;  into  the  gasometer  also  passes  the  carbon  dioxide  in  the  stream  of  which  the  ex¬ 
periment  is  being  run.  The  absorber  D  with  a  50%  solution  of  potassium  hydroxide  serves  for  the  absorption  of 
carbon  dioxide. 

In  the  reaction  flask  A  there  was  placed  a  solution  of  a  sample  of  benzaldoxime  in  50  ml  of  carbon  tetra¬ 
chloride  and  a  thin-walled  ampul  with  a  sample  of  nitrogen  tetroxide.* 

The  entire  system  was  filled  with  carbon  dioxide,  dried  over  concentrated  sulfuric  acid  and  phosj^oric  an¬ 
hydride,  after  which  the  ampul  was  broken.  The  gases  passing  through  absorbers  Bj,  Bj,  and  B3  were  collected  in 
gasometer  C.  After  completion  of  the  reaction  the  entire  system  was  again  flushed  with  a  stream  of  carbon  dioxide 
until  the  solution  in  flask  A  became  light  yellow,  while  the  gas  mixture  was  collected  in  the  absorber  D. 


TABLE  2 


Time  of 

Density  relative  to  air 

Molecular  weight 

Name  of  gas 

flow  of  the 

data  from 

data  from 

gas  (in 
seconds) 

found 

reference 

tables 

found 

reference 

tables 

Nitrogen . 

69.90 

0.978 

0.967 

28.37 

28.016 

Gas  being  studied . 

72.75 

1.082 

- 

31.39 

- 

The  amount  of  nitrogen  tetroxide  which  failed  to  enter  the  reaction  was  determined  by  titration  of  iodine 
separated  in  absorbers  Bj,  Bj,  and  B3  with  thiosulfate  [10]. 

The  gas  from  absorber  D  was  transferred  into  the  gasometer  and  measured  by  the  volume  of  displaced  liquid. 
Brown  nitrogen  dioxide  formed  on  release  of  the  gas  into  the  atmosphere;  consequently,  NO  was  contained  in  the 
gas.  The  quantitative  determination  of  NO  in  the  gas  mixture  was  performed  in  a  gas  burette  with  acidified  so¬ 
lution  of  ferrous  sulfate. 

A  large  volume  of  gas,  which  was  composed  of  nitrogen,  always  remained  after  the  absorption  of  NO.  A 
glowing  splinter  was  immediately  extinguished  in  it.  After  analysis  of  the  gas  in  Orsat  apparatus,  the  unabsorbed 
residue  amounted  to  92%.  After  the  determination  of  gas  density  by  the  method  of  flow  through  a  narrow  opening 
in  a  Schilling  apparatus  [11]  and  then  after  the  calculation  of  the  molecular  weight  from  the  density,  there  were 
obtained  the  results  which  are  shown  in  Table  2. 

As  it  is  clearly  evident  from  the  data  in  the  table,  the  gas  density  is  very  close  to  that  of  nitrogen.  With 
slow  passage  of  the  gas  through  a  vessel  immersed  in  liquid  nitrogen,  the  gas  failed  to  be  condensed.  It  was  natural 
to  suppose  that  some  nitrous  oxide  could  be  present  in  the  gas  under  examination  since  this  substance  is  rather 
readily  soluble  in  alcohol;  however,  the  gas  volume  failed  to  change  after  washing  with  alcohol. 

Benzaldehyde  and  phenyldinitromethane  were  quantitatively  determined  in  the  reaction  mixture  after  the 
completion  of  gas  analysis. 

It  is  possible  to  judge  the  presence  of  nitric  acid  in  the  reaction  mixture  by  the  results  of  the  following  ex¬ 
periment.  The  reaction  mixture  was  blown  with  dry  carbon  dioxide,  after  the  completion  of  the  reaction,  to 
freeing  it  from  nitrogen  oxides  and  after  that  it  was  shaken  with  a  large  volume  of  water.  The  acidity  of  the 
medium  was  determined  in  the  aqueous  extract  (by  titration  with  alkali  in  the  presence  of  phenolphthalein)  while 
the  amount  of  nitrous  acid  was  determined  iodometrically.  It  turned  out  that  the  acidity  of  the  aqueous  extract 
was  some  ten  times  greater  than  the  acidity  caused  by  the  presence  of  nitrous  acid.  This  acidity  could  not  be 
caused  by  an  organic  acid  since  the  sole  organic  reaction  products  were  phenyldinitromethane  and  benzaldehyde. 
Thus,  the  presence  of  only  nitric  acid,  of  tlie  inorganic  acids,  could  be  allowed. 

In  a  blank  experiment  in  dry  carbon  tetrachloride  we  dissolved  1  g  of  nitrogen  tetroxide  and  the  solution 


•  In  case  of  running  the  reaction  without  a  solvent,  there  was  placed  a  sample  of  benzaldoxime  in  the  vessel. 
A,  while  liquid  nitrogen  tetroxide  was  introduced  from  a  dropping  funnel  through  a  side- neck. 
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was  blown  with  carbon  dioxide  and  thoroughly  shaken  with  a  large  volume  of  water.  The  same  amount  of  nitrous 
acid  was  found  in  the  aqueous  extract  as  was  found  in  the  previous  experiment,  l.e.,  this  acid  formed  by  hydrolysis 
of  traces  of  nitrogen  oxides  remaining  in  the  solvent.  The  acidity  of  the  aqueous  extract  exceeded  the  acidity 
caused  by  the  presence  of  nitrous  acid  by  a  factor  of  two,  which  is  just  correct  for  the  hydrolysis  equation;  N,Oi  + 
+  H20-»HN03+  HNO2. 


SUMMARY 

1.  The  effect  of  molar  proportions,  concentration  and  mode  of  mixing  of  reactants,  as  well  as  the  nature  of 
the  solvent,  was  studied  in  respect  to  the  course  of  the  reaction  of  nitrogen  tetroxide  with  benzaldoxime,  with  ice 
cooling. 

2.  The  yield  of  phenyldinitromethane  cannot  rise  over  43*7o  owing  to  the  effects  of  the  factors  listed  above. 

3.  The  qualitative  and  the  quantitative  compositions  of  all  reaction  products  of  NJO4  and  benzaldoxime, 
run  under  various  conditions,  were  determined. 

4.  Evolution  of  nitrogen  in  the  course  of  this  reaction  was  detected. 

5.  Equations  which  describe  the  formation  of  phenyldinitromethane  and  benzaldehyde  in  this  reaction  were 
proposed. 

6.  Phenyldinitromethane  was  prepared  by  the  action  of  nitrogen  tetroxide  on  the  sodium  salt  of  benzaldoxime. 
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REACTION  OF  NITROGEN  TETROXIDE  WITH  ORGANIC  COMPOUNDS 


II.  REACTION  OF  NITROGEN  TETROXIDE  WITH  ACI-PHENYLNITROMETHANE  AND  ITS  SALT 
L.  I,  Khmel'nitskil,  S.  S.  Novikov  and  O.  V.  Lebedev 


During  the  study  of  the  reaction  of  nitrogen  tetroxide  with  benzaldoxime  and  its  salt,  a  reaction  leading  to 
phenyldinitrome±ane,  we  were  obliged  to  study  the  reaction  of  nitrogen  tetroxide  with  aci-phenylnitromethane 
and  its  salt.  It  is  mentioned  in  the  literature  that  "the  aci-form  of  phenylnitromethane  enters  rather  readily  into 
a  reaction  with  nitrogen  dioxide"  [1],  but  no  data  are  cited.  Experiments  set  up  by  us  showed  that,  as  should  have 
been  expected,  from  analogy  with  other  alkaromatic  nitro  compounds  [1],  the  acid-form  of  phenylnitromethane 
and  its  salt  yields phenyldinitromethane  in  reaction  with  nitrogen  tetroxide. 

C6H5CH=NOONa  C8H5CH(N02)2  -t-— C8H5CH=NOOH 

The  maximum  yield  of  phenyldinitromethane  from  aci-phenylnitromethane  was  44.5%,  while  the  yield  from 
the  salt  of  phenylnitromethane  was  28%. 

The  reaction  was  run  in  a  solvent  and  in  its  external  appearance  resembled  greatly  the  reaction  of  nitrogen 
tetroxide  with  benzaldoxime  and  its  salt,  but  evidently  proceeded  with  considerably  smaller  heat  evolution. 

EXPERIMENTAL 

The  sodium  salt  of  frfienylnitromethane  was  prepared  by  Titov's  method  [2].  Aci-phenylnitromethane  (m.p. 
84")  was  prepared  by  acidification  of  a  solution  of  the  sodium  salt  of  phenylnitromethane  with  10%  sulfuric  acid. 

Reaction  of  nitrogen  tetroxide  with  aci-phenylnitromethane.  To  0.68  g  of  aci-phenylnitromethane  in  10  ml 
of  dry  ether,  cooled  with  ice,  there  was  added  0.45  g  of  nitrogen  tetroxide  and  the  cooling  was  stopped.  The  so¬ 
lution  became  bright  green,  gas  bubbles  formed  and  a  colorless  precipitate  appeared. 

After  ten  minutes*  standing,  the  precipitate  was  filtered  off  and  washed  three  times  with  dry  ether.  There 
was  obtained  0.10  g  of  a  substance  with  m.p.  68*.  The  structure  of  this  substance  was  not  determined. 

The  ethereal  solution  was  shaken  with  a  saturated  solution  of  sodium  bicarbonate.  Phenyldinitromethane 
was  precipitated  from  the  bicarbonate  extract  by  acidification  with  10%  sulfuric  acid,  filtered  off,  washed 
with  water  and  dried  in  air.  There  was  obtained  0.20  g  of  |rfienyldinitromethane  (22%){  m.p.  77°.  A  mixed 
melting  point  with  authentic  phenyldinitromethane  gave  no  depression. 

With  a  large  excess  of  nitrogen  tetroxide  (3.6  g),  while  running  the  reaction  without  cooling,  the  substance 
with  m.p.  68*  failed  to  form. 

The  results  and  the  conditions  of  running  the  experiments  with  aci-phenylnitromethane  are  collected  in 
Table  1. 

Reaction  of  nitrogen  tetroxide  with  sodium  salt  of  phenylnitromethane.  Into  a  suspension  of  1  g  of  sodium 
salt  of  phenylnitromethane  in  28  ml  of  dry  ether  there  was  added  in  one  portion  1.2  g  of  nitrogen  tetroxide  dis¬ 
solved  in  2  ml  of  dry  ether.  The  reaction  mixture  turned  green  and  gas  bubbles  began  to  appear.  A  mild  heat 
evolution  occurred.  After  20-30  seconds  the  mixture  turned  orange. 


TABLE  1 


Reaction  of  Nitrogen  Tetroxide  With  aci-Phenylnitrotnethane  (in  10  ml  of  ether) 


Taken,  N2O4  (in  g) 
for  the  reaction  with 
0.68  g  of  C^HjCH  = 
=  NOOH 

Molar  ratio  of 
N204:C6HsCH  =  N00H 

Initial  temperature 
of  the  mixture 

Yield  of  i^enyldlnltro- 
methane  (in  %) 

0.45 

1  :  1 

0* 

22 

0.9 

2  : 1 

0 

31 

1.8 

4  s  1 

0 

33,5 

3.6 

8  :  1 

0 

33.5 

1.8 

4  ;  1 

20 

44.5 

TABLE  2 


Reaction  of  Nitrogen  Tetroxide  with  Salt  of  Wienylnitro methane. 


Taken,  Nj04  (in  g) 
for  reaction  with 

1  g  of  CgHgCH  = 

=  NOON a 

Molar  ratio  of 
Nj04  ;  CjHsCH^ 
—  NOONa 

Solvent  (30  ml) 

Initial  tempera¬ 
ture  of  the 

mixture 

Yield  of  phenyl - 
dinitromethane 
(in  %) 

0,6 

1  ;  1 

Ether 

20’ 

16.5 

1.2 

1  :  2 

Ether 

20 

27.0 

2.4 

1  :  4 

Ether 

20 

28.0 

2.4 

1  :  4 

DichloroeAane 

20 

16.5 

2.4 

1  :  4 

Dichloroethane 

40 

12.0 

2.4 

1  :  4 

Dichloroethane 

70 

11.5 

Sodium  nitrate  was  filtered  off  (positive  test  for  nitrate  ion  and  negative  test  for  nitrite  ion).  The  filtrate 
was  treated  as  in  the  experiments  with  aci-phenylnitromethane.  The  yield  of  j^enyldinitromethane  was  0.31  g 
(27%);  m.p.  18\ 

The  results  and  the  conditions  of  running  the  experiments  with  die  sodium  salt  of  phenylnitrome thane  are 
given  in  Table  2. 

It  is  evident  from  the  results  of  experiments  run  in  dichloroethane  that  with  elevation  of  the  initial  tempera¬ 
ture  of  the  reaction  mixture  the  yield  of  |rfienyldinitromethane  declines. 


SUMMARY 


In  the  reaction  of  nitrogen  tetroxide  with  aci-phenylnitromethane  and  its  sodium  salt  there  is  formed  phenyL 
dinitromethane  in  yields  of  44.5%  and  28%  respectively. 
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REACTION  OF  NITROGEN  TETROXIDE  WITH  ORGANIC  COMPOUNDS 
m.  REACTION  OF  NITROGEN  TETROXIDE  WITH  SALTS  OF  ALIPHATIC  NITROCOMPOUNDS 

S.  S.  Novikov,  O.  V. Lebedev,  L.  I.  Khmel ’nltskli  and  lu.  P.  Egorov 


It  Is  known  that  dlnitro  compounds  are  formed  in  the  reaction  of  nitrogen  tetroxlde  with  aromatic  oximes 
and  with  salts  of  arylnitromethanes.  For  example,  benzophenone  oxime  [1]  and  the  salt  of  dlphenylnitromethane 
[2]  yield  diphenyldlnitromethane,  (C*H5)jC(NOj)2,  with  nitrogen  tetroxide. 

Aliphatic  oximes  form  nltroso  nitro  compounds  in  die  reaction  with  nitrogen  tetroxide:  for  example,  acetoxlme 
yields  propylpseudonitrole  with  nitrogen  tetroxide  [3];  the  product  has  the  formula  (CHs)2C(N0)(N02).  By  analogy 
with  the  generality  of  reactions  of  oximes  and  nitro  compounds  of  the  aromatic  series  one  should  expect  a  similar 
generality  for  the  aliphatic  series  as  well,  i.e.,  the  salts  of  aliphatic  nitro  compounds  would  yield  nitroso  nitro  com¬ 
pounds  with  nitrogen  tetroxide. 

The  possibility  of  reactions  of  this  type  was  confirmed  in  the  present  work  with  examples  of  alkaline  salts 
of  2-nltropropane,  ethyl  ester’of  nitroacetic  acid  and  1,1-dinitroethane, 

Thus,  in  die  reaction  of  sodium  salt  of  2-nitropropane  widi  nitrogen  tetroxide  there  was  formed  propylpseudo¬ 
nitrole: 

(CH3)2C=NOONa  (CHalgCCNO)  (NOg)  NaNOg. 

In  the  reaction  of  sodium  salt  of  nitroacetic  ester  with  nitrogen  tetroxide  there  was  formed  the  ethyl  ester  of 
nitro-oximinoacetic  acid. 

O2N. 

NaOON^CH-COOCaHs  NjO^  ;C— COOCjHg  NaNOg. 

HON^ 


In  the  reaction  of  potassium  salt  of  1,1-dinitroethane  with  nitrogen  tetroxide  ±ere  was  formed  ethylnitrollc 
acid.  In  this  case,  evidently,  an  unstable  nitroso  compound  formed  first,  then  decomposed  with  formation  of  ethyl- 
nitrolic  acid  under  the  Influence  of  moisture  during  the  evaporation  of  the  ethereal  solution  in  an  open  vessel. 


CH3C 


/ 


NO2 

NOOK 


-4-N,o, 

-KNO, 


^NO  - 
CH3-C-N02 
^N02_ 


-*-H,0 

-hn67 


CH3-C 


/ 


N02 

NOH 


This  is  all  the  mote  probable  since  immediately  on  addition  of  nitrogen  tetroxide  the  reaction  mixture  accpilres 
an  Intensely  blue  color,  which  is  characteristic  of  monomers  of  nitroso  compounds,  and  which  does  not  vanish  until 
almost  the  very  end  of  evaporation  of  the  solution. 

In  the  reaction  of  nitrogen  tetroxide  with  the  potassium  salt  of  nitromalonic  ester,  contrary  to  expectations,  there 
there  was  isolated  only  nitromalonic  ester  in  a  quantitative  yield.  As  shown  by  a  spectral  study,  the  potassium  salt 
of  nitromalonic  ester  is  formed  not  at  the  nitro  group  but  at  the  carbonyl  group:  C2HgC)0CC(N02)=  C(OK)OC2H5, 
which  fact  explains  the  anomalous  course  of  the  reaction. 
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EXPERIMENTAL 


Reaction  of  nitrogen  tetroxlde  with  sodium  salt  of  2-nltropropane.  To  a  suspension  of  1.11  g  of  sodium  salt 
of  2-nitropropane  In  30  ml  of  dry  ether  there  was  added  0.9  g  of  nitrogen  tetroxlde  (1  mole  per  1  mole  of  the  salt) 
in  3  ml  of  dry  ether.  The  reaction  mixture  turned  green,  warmed  itself  to  25-30*  and  evolved  gas  bubbles. 

After  completion  of  the  reaction  the  inorganic  salt  was  filtered  off,  washed  twice  with  ether  and  dried.  There 
was  obtained  0.69  g  of  a  mixture  of  sodium  nitrate  and  nitrite  (qualitative  test). 

The  ethereal  filtrate  was  evaporated  at  20*.  The  residue  was  0.12  g  of  a  colorless  crystalline  substance 
with  m.p.  72*,  which  waspropylpseudonitrole.  After  recrystallization  from  chloroform  its  m.p.  was  75*.  The  mixed 
melting  point  with  authentic  propylpseudonitrole  (m.p.  76*)  gave  no  depression. 

An  emerald  green  liquid  formed  after  melting;  solutions  in  carbon  tetrachloride  and  chloroform  had  a  blue 

color. 


In  the  reaction  of  nitrogen  tetroxide  with  the  sodium  salt  of  2-nitropropane  in  2  :  1  ratio  we  failed  to  form 
any  propylpseudonitrole. 

Reaction  of  nitrogen  tetroxide  with  sodium  salt  of  ethyl  ester  of  nitroacetic  acid.  To  a  suspension  of  0.5  g 
of  sodium  salt  of  nitroacetic  ester  in  10  ml  of  dry  ether  there  was  added  0.3  g  of  nitrogen  tetroxide  (1  mole  per 
1  mole  of  salt)  in  2  ml  of  dry  ether.  The  reaction  proceeded  analogously  to  the  preceding  one. 

The  ethereal  solution,  after  its  separation  from  the  mixture  of  sodium  nitrate  and  nitrite  (0.28  g)  was  evapo¬ 
rated  at  20".  In  the  residue  there  remained  0.43  g  of  crystals  with  a  small  admixture  of  an  oil.  The  crystals  were 
pressed  dry,  washed  with  1  ml  of  chloroform,  and  purified  by  precipitation  with  heptane  from  chloroform,  when 
they  were  shown  to  be  those  of  the  ethyl  ester  of  nitro-oximinoacetic  acid;  m.p.  67.5-68".  According  to  data 
from  [4]:  m.p.  69*. 

Found  C  29.83,  29.85;  H  3.66,  3.73;  N  17.20,  17.30.  C4H60^2-  Calculated  C  29.63;  H  3.73; 

N  17.29. 

Reaction  of  nitrogen  tetroxide  with  potassium  salt  of  1,1-dinitroethane.  To  a  suspension  of  0.58  g  of  potassium 
salt  of  1,1-dinitroethane  in  10  ml  of  dry  ether  there  was  added  0.35  g  of  nitrogen  tetroxide  (1  mole  per  1  mole  of 
salt)  in  2  ml  of  dry  ether.  The  reaction  mixture  turned  deep  blue  and  warmed  itself  to  25-30";  no  gases  were 
evolved. 

The  ethereal  solution  was  filtered  from  potassium  nitrate  (0.35  g;  yield  of  94.5%)  and  evaporated  at  20*. 

After  almost  all  the  ether  had  evaporated,  the  reaction  mixture  began  to  decolorize  rapidly  and  to  crystallizew 
There  was  obtained  0.2  g  (52.5%)  of  ethylnitrolic  acid,  which  after  precipitation  from  chloroform  with  petroleum 
ether,  melted  at  85"  (according  to  data  [4]:  m.p.  87-88"). 

Found  %;  N  26.91,  27.00.  Calculated  %:  N  26.92. 

Reaction  of  nitrogen  tetroxide  with  potassium  salt  of  nitromalonic  ester.  To  a  suspension  of  2  g  of  potassium 
salt  of  nitromalonic  ester  in  20  ml  of  dry  ether  there  was  added  1.5  g  of  nitrogen  tetroxide  (2  moles  per  1  mole  of 
ester  salt)  in  3  ml  of  dry  e±er.  The  reaction  mixture  turned  brown  and  warmed  itself  to  25-30". 

The  ethereal  solution  was  filtered  from  potassium  nitrate  (0.84  g;  quantitative  yield)  and  was  evaporated 
at  20*.  In  the  residue  remained  1.65  g  of  a  colorless  oil  with  a  weak  fruity  odor.  The  oil  was  soluble  in  dilute 
alkalies  and  organic  solvents  but  was  insoluble  in  water;  crystals  formed  on  mixing  this  with  a  concentrated  so¬ 
lution  of  potassium  hydroxide;  m.p.  154’  (from  alcohol).  The  mixed  melting  point  with  authentic  potassium  salt 
of  nitromalonic  ester  gave  no  depression. 

Thus,  the  oil  formed  in  the  reaction  was  nitromalonic  ester  (yield  —  98.2%). 

With  the  reactant  ratio  equal  to  unity,  part  of  the  initial  salt  does  not  react. 

Structure  of  potassium  salt  of  nitromalonic  ester.  The  Raman  spectrum  of  potassium  salt  of  nitromalonic 
ester  contained  four  very  intense  lines:  850,  1290,  1460  and  1710  cm”^  and  a  weaker  line  ~  1618  cm 

Lines  850  and  1290  cm”^  correspond  to  the  nitro  group  in  the  normal  form.  Actually,  in  the  spectra  of  all 
nitroalkanes  one  observes  very  intense  frequencies  in  the  regions  of  830-900  cm  ^  and  1275-1385  cm  .  These 
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frequencies  are  absent  in  the  spectra  of  salts  of  nitro  compounds  in  which  the  nitro  group  is  present  in  the  aci-form. 
On  this  basis,  among  the  two  possible  stmctural  formulas  of  potassium  salt  of  nitromalonic  ester  ~  (1)  KOON  » 

=  CfCOOCjHg),  and  (II)  C,HpOC(NOj)  =  C(OK)OC,H5-  we  must  select  formula  (II). 

The  line  1618  cm”^  must  be  assigned  to  the  presence  of  the  double  bond  C*  C,  while  the  line  1710  cm"^ 
must  be  assigned  to  the  carbonyl  group  C*  O.  The  frequency  1460  cm”^ belongs  to  die  deformational  vibration 
of  the  methylene  link  in  the  ethoxyl  residue  OCjHs. 

SUMMARY 

1.  In  the  reaction  of  nitrogen  tetroxide  with  alkali  salts  of  2-nitropropane,  ethyl  ester  of  nitroacetic  acid 
and  1,1-dinitroethane  there  are  formed,  respectively,  propylpseudonitrole,  ediyl  ester  of  nitro-oximinoacetic  acid 
and  ethylnitrolic  acid. 

2.  In  die  reaction  of  niuogen  tetroxide  with  the  potassium  salt  of  nitromalonic  ester  there  is  formed,  quanti¬ 
tatively,  the  nitromalonic  ester. 
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ERRATA 


VoL  26.  No.  3 


March,  1956 


page 


line 


reads 


should  read 


718  4th  from  the  top  H,[P( WjOy)*]  •  H,0 


HrfP(W,0,),]-4Hj0 


Vol.  28,  No.  2  February,  1958 

page  326,  paragraph  4  (beginning  with  ”An  examination  .  .  .”)  should  read  as  follows: 

An  examination  of  the  dissociation  constants  of  the  corresponding  HX  acids  (which  can  be  taken  as  a  meas¬ 
ure  of  the  nucleophilic  character  of  the  anion  X“)  shows  that  the  weakest  of  the  acids  known  to  form  ionic  salts 
with  tropylium  is  HNCO  (Ka  =  1.2*  10"^  and  that  the  strongest  of  the  acids  known  to  give  covalent  compounds 
with  tropylium  is  HCN  (Ka  =  7.2  •  10"“). 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Gosenergoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEIIZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

NH  ZVUKSZAPIOI 

NIK  FI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  PreSs 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modem  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.- Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Meteorology 
All-Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note :  Abbreviations  not  on  this  list  and  not  explained  in  the  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  -  Publisher. 


